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Normal Variant and Congenital 
Anomalies 


1.1 Renal Agenesis 


Case 1 


Renal agenesis is shown on excretory urography (EU) 
and computed tomography (CT). Figure 1.1, EU shows 
a functioning left kidney excreting contrast medium to 
the left renal pelvicalyceal system and flowing down- 
ward to the left ureter and urinary bladder. Note nonvi- 
sualization of the right kidney. Figure 1.2, coronal 
reformat image of enhanced CT (Fig. 1.2a), axial 
image of unenhanced CT (Fig. 1.2b), and axial 
enhanced CT of excretory phase (Fig. 1.2c) show a 
normal left kidney (white arrows) located in the left 
renal fossa. In the corresponding anatomical location 
as the right renal fossa, there is absence of the right 
kidney. Instead, posterior segment of the right lobe 
(black arrows) of the liver occupies the presumed right 
renal fossa anatomical space. 


L.-J. Wang, Key Diagnostic Features in Uroradiology: A Case-Based Guide, 
DOI 10.1007/978-3-319-08777-1. 1, © Springer International Publishing Switzerland 2015 


1 Normal Variant and Congenital Anomalies 


Fig. 1.2 


Key Diagnostic Features 


Renal agenesis is a congenital anomaly with complete 
absence of kidney [1]. Renal agenesis usually affects one 
kidney and rarely both kidneys. Renal agenesis is associated 
with the ipsilateral absence of the ureter and hemitrigone of 
the urinary bladder as well as genital or reproductive abnor- 
malities [1]. By definition of renal agenesis, a diagnosis of 
renal agenesis is established by not only complete absence of 
a kidney in renal fossa but also in any other parts of the body. 
If there is any sign of residual or atrophic renal tissue on one 
side of the body, a diagnosis of renal agenesis should be 
excluded. In addition, acquired or iatrogenic loss of a kidney 
is not regarded as renal agenesis by its nature to be a con- 
genital anomaly. 


Main Differential Diagnoses 


1. Ectopic kidney 

In the absence of a kidney in one side of the renal fossa on 
renal US, there are two main possible diagnoses: renal 
absence by renal agenesis or nephrectomy and an ectopic 
kidney. On EU, an ectopic kidney could be recognized 
and localized if it is functioning. Similarly, CT or MRI is 
able to localize an ectopic kidney by its reniform, ana- 
tomical structure and function. 


2. Nephrectomy [1] 


Complete loss of a kidney is more commonly encountered 
by nephrectomy than by congenital renal agenesis. A care- 
ful search of associated findings of nephrectomy is helpful 
to differentiate these two conditions. In the presence of sur- 
gical clips in renal fossa or right retroperitoneum, inci- 
sional scarring at the flank, or a ligated renal arterial stump, 
renal absence by nephrectomy could be confidently diag- 
nosed. On the other hand, a diagnosis of renal agenesis is 
more likely in the presence of its associated findings. 


1.2 Floating Kidney 


1.2 Floating Kidney 


Case 2 


Excretory urography (EU) shows left floating kidney. 
Figure 1.3, EU of supine image (Fig. 1.3a) and standing 
image (Fig. 1.3b) shows caudal movement of the left kid- 
ney from supine to standing positioning for more than two 
vertebral heights. The tip of left renal upper pole (arrows) 


is located at T11—T12 disc level in supine image versus at 
mid L2 body in standing position. Note that the left proxi- 
mal ureter becomes tortuous in standing EU image 
because the left ureter length is fixed despite a caudal 
movement of the left kidney on standing. 


4 
Key Diagnostic Features 


Floating kidney is also called nephroptosis and hypermobile 
kidney, which is diagnosed on images by mobility of one 
kidney for more than two vertebra heights usually from 
supine to standing positions [2]. It means that a diagnosis of 
floating kidney needs renal images of both supine and stand- 
ing positions, such as excretory urography (EU), antegrade 
pyelography, retrograde pyelography, or plain radiographs of 
the kidney, ureter, and bladder (KUB), to show the positional 
differences between two images. On the other hand, cross- 
sectional images such as computed tomography or magnetic 
resonance imaging are usually scanned in either supine or 
prone positions and not able to scan in a standing position, 
which are not suitable for diagnosis of floating kidneys. 
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Main Differential Diagnoses 


1. Renal caudal ectopia 
Renal caudal ectopia is characterized by abnormal caudal 
positioning of the kidney than normal positioning. 
However, renal caudal ectopic has a consistent and persis- 
tent abnormal renal caudal positioning regardless of 
supine or standing positioning of the patient. 

2. Caudal displacement of the kidney by suprarenal mass 
lesion 
In the presence of suprarenal mass, caudal displacement 
of the kidney could be depicted if the ipsilateral suprare- 
nal mass has a large size. Nonetheless, the difference of 
renal caudal displacement by a suprarenal mass between 
supine and standing positioning is usually limited. 


1.3 Renal Ectopia 


1.3 Renal Ectopia 


Case 3 


Excretory urography (EU) shows imaging features of left 
renal ectopic with malrotation of the left renal axis. 
Figure 1.4a, EU of supine image at 10 min after contrast 
medium administration shows abnormal caudal position- 
ing of the left kidney (arrow). Malrotation of the left kid- 
ney is shown as renal calyces displaying at both medial 


and lateral sides of the left kidney. Figure 1.4b, EU of 
anterior-oblique view shows left renal caudal ectopia 
(arrow) and malrotation of left renal axis (white arrow- 
heads). The left renal pelvis (black arrowhead) is abnor- 
mally caudally located as well. 
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Fig. 1.5 


Excretory urography (EU) and magnetic resonance 
imaging (MRI) show a right thoracic kidney. EU of 
supine image at 30 min after contrast medium admin- 
istration (Fig. 1.5) shows the right kidney with contrast 
opacification of the right renal collecting system 
(arrow) located above the liver shadow and at the right 
paracardiac area. Unenhanced coronal T1-weighted 
image (Fig. 1.6a) and axial T2-weighted image 
(Fig. 1.6b) on MRI show bilateral diaphragmatic even- 
tration. The right kidney (arrows) is located at the sub- 
diaphragmatic area of the right diaphragmatic 
eventration site. On the other hand, the spleen is 
located at the subdiaphragmatic area of the left dia- 
phragmatic eventration site. 


1.3 Renal Ectopia 


Case 5 
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1.4  Malrotation of the Renal Axis 
Magnetic resonance imaging (MRI) shows a cross- 
fused renal ectopia. Magnetic resonance urography Case 6 
(Fig. 1.7a) shows an abnormally large kidney at the 
right abdomen with elongated appearance of the renal 
pelvicalyceal system and abnormal ureteropelvic junc- 
tion location (arrow). Note there is nonvisualization of 
the renal collecting system at the left abdomen. Serial 
unenhanced coronal T2-weighted images (Fig. 1.7b-d) 
show a kidney (arrows, Fig. 1.7b, c) at the right renal 
fossa with normal size and appearance; however, this 
right kidney fuses with the left kidney (arrowheads, 
Fig. 1.7c, d) which crosses midline to the right side 
with abnormal horizontal axis. 


Key Diagnostic Features 


Ectopic kidney is diagnosed on images when the kidney is 
not completely located in the renal fossa but in other loca- 
tions by a strict definition. Ectopic kidney is nearly always 
accompanied with anomalous renal vasculature. When an 
ectopic kidney is found in pelvic cavity, it is also called a 
pelvic kidney. Renal ectopic to thoracic region and crossing 
the midline to the contralateral abdominal side with fusion 
are rare types of renal ectopia [3, 4]. The location of an 
intrathoracic kidney is not truly in the pleural space [3]. 
Instead, an intrathoracic kidney protrudes cranially at the 
diaphragmatic eventration site. Malrotation of the renal axis 
is a common associated finding of renal ectopia. Many 
imaging modalities, including ultrasound, excretory urogra- 
phy, computed tomography, and magnetic resonance imag- 
ing, are useful for diagnosing ectopic kidneys. Ectopic 
kidneys are basically recognized on images by demonstrat- — Fig. 1.8 
ing renal imaging features and contrast excretory function 

[3, 4]. 


Imaging features of malrotation of left renal axis are 
illustrated on retrograde pyelography (RP), computed 
tomography (CT), and magnetic resonance imaging 
(MRI). Figure 1.8, RP shows a renal calyx (arrow) 
located medial to the left renal pelvis. Figure 1.9a, 
computed tomography urography shows the left renal 
calyx (arrow) projecting medial to the left renal pelvis, 
similar to that shown on RP. Figure 1.9b, axial 
enhanced CT image of excretory phase shows the left 
renal pelvis (arrow) anterior to the left renal calyces, 
indicating malrotation of the right renal axis. 
Figure 1.10, an axial T2-weighted MRI image shows 
similar anterior positioning of the left renal pelvis, as 
depicted on Fig. 1.9b. 
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Fig. 1.10 


Key Diagnostic Features 


Malrotation of the renal axis is considered when the renal pel- 
vis is not located anteromedially to the ipsilateral renal caly- 
ces [5]. The most common type of malrotation of the renal 
axis is shown on RP or excretory urography (EU) as renal 
calyces locating medial to the renal pelvis. On cross-sectional 
imaging modalities such as CT and MRI, depicting an anterior 
location of the renal pelvis could also suggest the diagnosis of 
malrotation of the renal axis. The location of the ureteropelvic 
junction (UPJ) and the most proximal part of the ureter of a 
malrotated kidney is usually deviated more laterally than nor- 
mal. Other types of malrotation of renal axis are rare, in which 
the renal pelvis is located either posteriorly or laterally. 


Main Differential Diagnosis 


1. Hydronephrosis on EU or RP 
Malrotation of the renal pelvis could result in a false- 
positive diagnosis of hydronephrosis on EU or RP because 
an anterior located renal pelvis has a prominent size on the 
scene by its end-on projection. Nonetheless, careful assess- 
ment of the relationships between the renal calyces and the 
renal pelvis as well as the locations of the UPJ and proximal 
ureter could help their differentiation. Furthermore, hydro- 
nephrosis is usually accompanied with hydrocalicosis 
which is not found in a kidney having the axis malrotation. 
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1.5 Horseshoe Kidney 


Case7 


Fig. 1.12 


Horseshoe Kidney 


Fig. 1.13 


Excretory urography (EU) and computed tomography 
(CT) illustrate imaging features of horseshoe kidney 
connected by renal parenchymal isthmus. 
Figure 1.11a, the baseline plain film of the kidney, 
ureter, and bladder (KUB) of EU shows both renal 
lower poles (arrows) projecting medially and overly- 
ing bilateral psoas shadows. Figure 1.11b, EU image 
at 10 min after contrast medium administration 
shows abnormal axis of both kidneys with some 
renal calyces (arrowheads) projecting medial to the 
ipsilateral renal pelvis. Note that both kidneys form 
a horseshoe shape and abnormal course of the right 
proximal ureter (arrow). Figure 1.12, axial CT 
images before (Fig. 1.12a) and after contrast medium 
administration (Fig. 1.12b) show medial fusion 
(arrows) by an isthmus of renal parenchyma of both 
renal lower poles. Note the calculi (arrowhead) of 
the left renal lower calyx shown in Fig. 1.12a. 
Figure 1.13, left renal ultrasound shows left renal 
lower pole fusion to the right renal lower pole by a 
parenchymal isthmus (arrow). 


Case 8 


Fig. 1.14 


In Fig. 1.14, another patient with a horseshoe kidney 
shows medial fusion of both renal lower poles (arrows, 
Fig. 1.142) by a fibrotic band (arrowheads, Fig. 1.14b) 
anterior to the abdominal aorta and inferior vena cava. 
Note a calculus (arrowhead, Fig. 1.14a) in the left 
proximal ureter. 
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Key Diagnostic Features 1.6 Column of Bertin 


Horseshoe kidney is characterized by fusion at an isthmus Case 9 
between both kidneys [5], and both kidneys form a shape 
simulating a horseshoe. The most common type of horse- 
shoe kidney is medial fusion of lower poles of both kidneys 
by an isthmus. The fusion isthmus could be formed by either 
renal parenchyma or a fibrotic band as shown in above illus- 
trated images. As a result of medial fusion of lower poles, 
both kidneys have an abnormal renal axis, respectively. The 
imaging features related to abnormal axis in horseshoe kid- 
ney include: (1) lower poles which are medial to upper poles 
of both kidneys and the longitudinal axes of both kidneys 
which are no longer parallel to bilateral psoas lines, (2) 
anterior location of the renal pelvis of both kidneys, and (3) 
medial locations of some renal calyces relative to ipsilateral 
renal pelvis. Horseshoe kidney is associated with renal 
calculi and other congenital anomalies, including abnormal 
renal vessels, ureteropelvic obstruction, and duplex kidneys 
and ureters [5]. 


Main Differential Diagnosis 


1. Hydronephrosis on EU or RP 

Malrotation of the renal pelvis could result in a false-positive 
diagnosis of hydronephrosis on EU or RP because an ante- 
rior located renal pelvis has a prominent size on the scene 
by its end-on projection. Nonetheless, careful assessment of 
the relationships between the renal calyces and the renal Fig.1.15 
pelvis as well as the locations of the UPJ and proximal ure- 
ter could help their differentiation. Furthermore, hydrone- 
phrosis is usually accompanied with hydrocalicosis which 
is not found in a kidney having the axis malrotation. 


Column of Bertin is shown on renal ultrasound (US), 
excretory urography (EU), and computed tomography 
(CT). Figure 1.15a, left renal US of longitudinal scan 
shows a prominent column of Bertin protruding into 
the renal sinus, which is isoechoic to other part of renal 
parenchyma. Figure 1.15b, left renal US from a differ- 
ent angle of Fig. 1.15a shows column of Bertin illus- 
trating as a mass-like appearance with a measured 
largest diameter of 4.2 cm. Figure 1.16, EU shows wide 
separation of the upper and middle major infundibula 
(arrows) of the left kidney, simulating a space-occupy- 
ing lesion (1.e., a mass lesion occupying an anatomical 
area or space). A subtending calyx (arrowhead) pres- 
ent at this location suggests the presence of column of 
Bertin rather than a true space-occupying lesion. 
Figure 1.17, enhanced CT of corticomedullary phase 
(Fig. 1.17a), nephrographic phase (Fig. 1.17b), and 
excretory phase (Fig. 1.17c) shows columns of Bertin 
(arrowheads) protruding into the renal sinus of both 
kidneys, which are isodense to other renal parenchyma 
on all three phases after contrast medium administra- 
tion. Note the conical appearance of column of Bertin. 


1.6 Column of Bertin 


Fig. 1.16 


Fig. 1.17 


Key Diagnostic Features 


Column of Bertin is one kind of renal pseudotumor on images 
if it is large in size. Column of Bertin is a normal variant hav- 
ing a hypertrophic renal parenchyma protruding into the renal 
sinus, which is most commonly seen in the junction of the 
upper pole and midportion of the kidney. On EU, a large col- 
umn of Bertin could make upper and middle infundibula and 
calyces splaying over it and widely separated from each other, 
which may arouse a suspicion of existence of a space-occupy- 
ing lesion. Nonetheless, if a subtending calyx is recognized 
along with the above findings on EU, column of Bertin could 
be diagnosed with confidence. The subtending calyx draining 
the papilla in the column of Bertin is a typical finding imply- 
ing the correct diagnosis of the column of Bertin. Because the 
column of Bertin is basically a part of the normal renal paren- 
chyma, the key diagnostic feature is to confirm if it is identi- 
cal to the normal parenchyma on all situations using different 
imaging modalities. In other words, the column of Bertin is 
isoechoic to the normal renal parenchyma on renal US [6] and 
has identical density to the normal renal parenchyma on 
unenhanced CT and magnetic resonance imaging (MRI) and 
all phases of enhanced CT and MRI as well. As the column of 
Bertin is protruding into the renal sinus, it has a typically 
conical shape on longitudinal US as well as on CT and MRI. 


Main Differential Diagnoses 


1. Renal cysts 
Renal cysts could be differentiated from the column of 
Bertin without difficulty. On US, renal cysts are 
hypoechoic rather than isoechoic to normal parenchyma. 
On unenhanced CT, renal cysts are also hypodense to nor- 
mal renal parenchyma and typically measured as —10 to 
20 HU. On unenhanced MRI, renal simple cysts show low 
signal intensity on T1-weighted image and high signal 
intensity on T2-weighted imaging, reflecting its water 
content. 
2. Renal tumors 

A renal tumor located in junction of the upper pole and 
lower pole could have similar appearance as the column 
of EU. Nonetheless, the presence of subtending calyx 
favors the diagnosis of column of Bertin and a diagnosis 
of a renal tumor could thus be excluded. In the absence of 
subtending calyx, enhanced CT or MRI could be used for 
differentiating renal tumors from the column of Bertin. 
Although renal tumors could be isodense to normal renal 
parenchyma on unenhanced CT, nearly all renal tumors 
do not have the same degree of contrast enhancement as 
that of normal renal parenchyma after contrast medium 
administration. 
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Case 11 


1.7 Duplex Kidney 


Case 10 


Fig. 1.18 


Excretory urography (EU) of a child shows left duplex 
kidney. Figure 1.18, EU shows hydrocalicosis of the 
left renal upper collecting system (arrow), which is 
completely separated from the left renal lower collect- 
ing system (white arrowhead). Note the normal 
appearance of the left ureter (black arrowheads) drain- 
ing the left renal lower collecting system. On the other 
hand, the ureter draining the left renal upper collecting 
system is not opacified. 


Fig. 1.20 


Excretory urography (EU) studies show different 
appearances of a child with duplex kidney. Figure 1.19, 
EU shows two separate collecting systems of the right 
kidney. There is dilatation of the upper collecting sys- 
tem (arrow) with decreased corresponding parenchy- 
mal thickness (black arrowhead) of the right kidney. 
Note the upper and lower collecting systems of the 
right kidney join at the ureteropelvic junction, as bifid 
renal pelvis. Figure 1.20, another EU done 1 year later 
shows non-opacification of the upper collecting sys- 
tem of the right kidney by contrast medium. Note that 
the opacified lower moiety of the renal collecting sys- 
tem has a fewer number of calyx and longer distance 
to the right renal upper pole than normal. 
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Case 12 


Fig. 1.21 


Excretory urography (EU) of a child shows bilateral 
duplex kidneys. Figure 1.21, EU shows two right renal 
collecting systems, including upper moiety (black 
arrow) and lower moiety (black arrowhead). The left 
kidney has an opacified collecting system (white 
arrow) with typical drooping lily appearance. This pic- 
ture suggests left duplex kidney with non-opacification 
of upper moiety. 


Key Diagnostic Features 


Duplex kidney is named for a kidney containing two separate 
(duplicated) renal collecting systems rather than two kidneys 
of one side. Therefore, a duplex kidney is diagnosed on 
images by identification of two separate renal collecting sys- 
tems in one kidney. Excretory urography (EU), computed 
tomography (CT), and magnetic resonance imaging (MRI) 
are usually sufficient to provide imaging clues for diagnosis. 
A duplex kidney is also associated with the column of Bertin, 
which is located between upper and lower collecting sys- 
tems. If renal ultrasound shows two renal collecting systems 
presenting with central echo complexes, separated by inter- 
vening renal parenchyma, a diagnosis of duplex kidney could 
be made. Nonetheless, absence of the above finding could 
not exclude the diagnosis of duplex kidney by insensitivity 
of the above sign of renal ultrasound. In addition, the duplex 
kidney is associated with duplex ureters, incomplete or com- 
plete types. Nonetheless, if the two separate renal collecting 
systems join at the ureteropelvic junction (it is called bifid 
renal pelvis), there is absence of duplex ureters in a duplex 
kidney. In patients with duplex kidney and ureters, hydrone- 
phrosis of the upper collecting system may occur. In female 
patients, a duplex kidney is associated with didelphys of the 
uterus. In the presence of hydronephrosis of the upper col- 
lecting system of a duplex kidney, non-opacification of the 
corresponding collecting system may occur. On EU, opaci- 
fied lower moiety of the renal collecting system shows a so- 
called *drooping lily" sign [7], with abnormal axis not 
paralleling to the ipsilateral psoas line, fewer number of 
calyces, and lateral deviation of corresponding opacified ure- 
ter. In summary, a duplex kidney is diagnosed by two sepa- 
rate collecting systems in a kidney, regardless of their 
functioning status, and a further search of coexisting duplex 
ureters or other congenital anomalies should be done. 
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1.8 Duplex Ureters 


Case 13 


Fig. 1.22 


1.8 Duplex Ureters 


Duplex kidney and duplex ureters are illustrated on 
computed tomography (CT) of excretory phase. 
Figure 1.22a, a coronal CT image using maximal 
intensity projection (MIP) shows two left renal pelvi- 
calyceal systems. Two left ureters (arrows) are from 
upper and lower moieties of the left kidney, respec- 
tively. Figure 1.22b, oblique coronal MIP CT image 
shows fusion (arrowhead) of the two left renal ureters 
(arrows). Figure 1.22c, axial CT image shows a renal 
pelvis (arrow) of the left renal lower moiety and 
another ureter (arrowhead) of the left renal upper moi- 
ety. Figure 1.22d, axial CT image of the lower abdo- 
men level shows two left ureters (arrow) running in 
parallel. 


Key Diagnostic Features 


Duplex ureters are accompanied by duplex kidney. Duplex 
kidney is characterized by separation of the renal pelvicaly- 
ceal systems into two parts: the cranial part is named as upper 
moiety and caudal part as lower moiety. If duplex ureters fuse 
with each other at any ureter point, it is called incomplete 
duplication; otherwise, it is called complete duplication. 
Incomplete duplication of the ureter is more common than 
complete duplication. In most instances, both upper moiety 
and lower moiety have a normal excretory function, and the 
presence of two ureters is thus easily depicted by contrast 
medium opacification on CT or excretory urography. The ure- 
ter from upper moiety is associated with ectopic insertion, 
ureterocele, and stenosis at the distal end, while the ureter in 
lower moiety is associated with vesicoureteral reflux. 
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1.9  EctopicUreter Insertion to the Vagina 
Case 14 


Fig. 1.23 


Enhanced computed tomography (CT) images show an 
ectopic ureter insertion to the vagina with obstruction of 
a patient with duplex ureters. Figure 1.23a, enhanced CT 
image at right renal upper tip shows partial opacification 
of a dilated collecting system with air-fluid layering 
(arrowhead) at the right kidney. Figure 1.23b, enhanced 
CT image at the right renal upper pole shows two renal 
collecting systems at the right kidney. One is the upper 
collecting system (arrowhead) and the other, lower 
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collecting system (arrow). Figure 1.23c, enhanced CT 
image at the right midportion shows non-opacification of 
the ureter (arrowhead) from the upper collecting system 
and opacified renal pelvis (arrow) from the lower collect- 
ing system of the right kidney. Figure 1.23d, enhanced 
CT at the vagina level shows dilated and nonopacified 
ureter from the right upper renal collecting system with 
abrupt blind end (arrowhead) inserting into the vagina 
(arrow). 
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Case 15 


S 7 


Fig. 1.24 


Serial enhanced CT images show left duplex ureters 
with one ectopic and obstructed ureter to the vagina. 
Figure 1.24a, enhanced CT image at the iliac bone 
level shows a dilated and nonopacified left ureter 
(arrow), which is anterior to another opacified and 
normal-sized ureter (arrowhead). Figure 1.24b, 
enhanced CT image at the acetabular roof level shows 
the nonopacified and dilated left ureter (arrow) becom- 
ing posterior to the normal opacified left ureter (arrow- 
head). Figure 1.24c, enhanced CT image at the femoral 
head level shows a normal-sized ureter (arrowhead) 
entering into the urinary bladder. Another dilated and 
nonopacified ureter (arrow) is noted with layering 
appearance. Figure 1.24d, enhanced CT at the femoral 
neck level shows the most distal end (arrowhead) of 
the nonopacified ureter found at the vagina. 
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Key Diagnostic Features 


The diagnosis of an ectopic ureter insertion to the vagina 
could be shown on computed tomography (CT) or magnetic 
resonance image (MRI) [8, 9], especially by thin slice sec- 
tion to clearly demonstrate the exact location of ureteral 
insertion. In addition, the reader has to trace the course of an 
ectopic ureter carefully for localizing an ectopic ureteral 
location to the vagina. Ectopic ureter insertion is most com- 
monly found in patient with complete duplication of the ure- 
ter. Ectopic ureter is nearly always found in the ureter 
draining the upper collecting system in duplex ureters. 
Ectopic ureteral insertion is more common in females than in 
males. In female patients, the ectopic ureter could insert into 
the vagina, vestibule, urethra, or uterus. Ectopic ureter often 
results in obstruction and subsequently dilatation of the cor- 
responding renal collecting system and ureter with poor 
function. Poor functioning of the upper collecting system 
could then result in faint or no opacification of the corre- 
sponding ureter with ectopic insertion to the vagina. Thus, 
excretory urography is usually not as useful as CT and MRI 
in detecting ectopic ureter insertion to the vagina. 
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1.10 Simple Ureterocele 


Case 16 


Fig. 1.25 


Excretory urography (EU) shows imaging features of 
simple ureterocele. Figure a, plain radiography of EU 
before contrast medium administration shows a round 
calcification (arrow) of pelvic cavity. Figure | , EU at 
30 min after contrast medium administration shows 
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opacification of a ureterocele (arrowhead) associated 
with right hydronephrosis and right hydroureter. The cal- 
cification is not seen on this image because of obscured 
effect by contrast medium. This finding supports this cal- 
cification is a calculus in the ureterocele. 


110 Simple Ureterocele 


Case 17 


Retrograde pyelography (RP) and computed tomogra- 
phy (CT) illustrate imaging features of simple uretero- 
cele. Figure 1.26, the left RP shows cobra-head 
appearance (arrow) of the distal end of the left ureter 
draining dilated left renal collecting system and ureter 
without duplication. Figure 1.27a, unenhanced CT 
image shows faint visualization of dilatation of intra- 
vesicular segment (arrow) of the left ureter. 
Figure 1.27b, enhanced CT image of excretory phase 
shows cystic dilatation of the distal end of left ureter 
(arrow) as left ureterocele, which is highlighted by the 
opacified urine in the urinary bladder lumen. 
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Fig. 1.27 


Key Diagnostic Features 


Simple ureterocele is usually diagnosed by excretory urogra- 
phy of its typical cobra-head appearance [10]. If a simple 
ureterocele is not opacified by contrast medium, it appears as 
an intravesicular filling defect in an opacified urinary blad- 
der. If contrast medium opacified a simple ureterocele, it is 
still recognizable by a lucent lining (i.e., its wall) which sep- 
arates it from opacified urinary bladder. On renal ultrasound, 
computed tomography, and magnetic resonance imaging, 
simple ureterocele is identified by its oval or round dilatation 
of the distal ureteral end protruding into the urinary bladder 
lumen. Simple ureterocele usually comes from solitary ure- 
ter in contrast to ectopic ureterocele coming from the ureter 
of upper moiety of a duplex kidney. Simple ureterocele is 
usually an incidental finding in adults. On the other hand, 
simple ureterocele may cause obstruction or stone 
formation. 
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1.11 Intravesicular Ectopic Ureterocele 
in Duplex Ureters 

Case 18 


Fig. 1.28 


Enhanced (Fig. 1.28a-c) and delayed (Fig. 1.28d-f) 
computed tomography (CT) illustrates an ectopic ure- 
terocele without and with partial contrast medium opaci- 
fication. Axial (Fig. 1.28a) and coronal CT (Fig. 1.28b) 
shows a cystic mass (arrows) at right upper pole. 
Opacification of right renal pelvicalyceal system at mid- 
portion and lower pole is noted. Figure 1.28c, axial CT 
shows a cystic mass with distinct wall (arrow) in the pos- 
terior part of the right urinary bladder. Note the urinary 
bladder has not been opacified by contrast medium. 
Figure 1.28d, delayed axial CT at the right renal upper 
pole shows faint contrast opacification of the right renal 
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cystic mass (arrow) with a layering appearance (arrow- 
head), indicating its nature as upper moiety of the right 
renal pelvicalyceal system. Figure 1.28e, axial CT at 
right renal midportion shows dense contrast opacification 
(arrowheads) of lower moiety of the right renal pelvi- 
calyceal system. The right ureter draining the right upper 
moiety shows soft tissue density (arrow) by partial con- 
trast opacification. Figure 1.28f, axial CT at the urinary 
bladder level shows soft tissue density of the intravesicu- 
lar mass (arrow) by partial contrast opacification. In con- 
trast, other part of the urinary bladder is densely opacified 
by contrast medium. 


111 Intravesicular Ectopic Ureterocele in Duplex Ureters 23 


Case 19 


-10 MINS 


Fig. 1.30 
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Fig. 1.31 


Excretory urography (EU), ultrasound (US), and mag- 
netic resonance imaging (MRI) show imaging character- 
istics of ectopic ureterocele. Figure 1.29a, supine view of 
EU shows a large round filling defect (black arrow) in the 
urinary bladder. Note the opacified lower moiety (white 
arrow) of the left renal collecting system is more laterally 
located than normal. In contrast, the upper moiety of the 
left renal pelvicalyceal system is not opacified by contrast 
medium. Figure 1.29b, oblique view of EU shows the fill- 
ing defect (black arrow) located in posterior-inferior part 
of the urinary bladder. Note the opacified left ureter (white 
arrow) from the lower moiety of the left renal pelvicaly- 
ceal system. Figure 1.30a, left renal US shows hydrone- 
phrosis of the upper moiety of the left kidney, appearing 
as an anechoic mass (black arrow). Note that there is no 
obvious dilatation of the lower moiety (white arrow) of 
the left renal pelvicalyceal system. Figure 1.30b, bladder 


1 Normal Variant and Congenital Anomalies 


US shows a retrovesicular echo-free mass (black arrow) 
protruding into the urinary bladder. Figure 1.31a, mag- 
netic resonance urography (MRU) shows an intravesicu- 
lar cystic mass (black arrow). This cystic mass comes 
from the left ureter of the upper moiety of the left kidney. 
Markedly tortuous course and dilatation of the left ureter 
draining the upper moiety of the left kidney is illustrated 
as well. Note that there is no dilatation of lower moiety of 
the left renal pelvicalyceal system (white arrow) and right 
renal pelvicalyceal system (arrowhead). Figure 1.31b, 
axial T1-weighted image (T1WI) of MRI at the left renal 
upper pole level shows hydronephrosis (black arrow) of 
the upper moiety and normal size of the lower moiety 
(white arrow) of the left renal pelvicalyceal system. 
Figure 1.31c, axial TIWI of MRI at the urinary bladder 
level shows the anterior part of a large cystic mass (black 
arrow) in the urinary bladder. 
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Key Diagnostic Features 


The diagnosis of an ectopic ureterocele on images relies on 
recognition of not only ectopic insertion of the ureter but also 
the presence of ureterocele. A normal ureteral insertion is 
located in ipsilateral bladder trigone. Therefore, ectopic ure- 
ter insertion includes abnormal ureteral insertion of an intra- 
vesicular location other than bladder trigone as well as 
extravesicular ureteral insertion. A ureterocele means a focal 
dilatation of the intramural part of the ureter at the ureterove- 
sicular junction. It usually has a round or oval shape and is of 
variable size from several millimeters to centimeters. An 
ectopic ureterocele is associated with complete duplication of 
the ipsilateral ureter and always from the ureter of the upper 
moiety [11]. About one half of ectopic ureteroceles have an 
intravesicular location. Of the ectopic but intravesicular ure- 
terocele, the wall of a ureterocele may allow its differentiation 
from the urinary bladder on US, MRI, and CT in the absence 
of contrast medium administration or opacification. Variable 
degree of obstruction of the corresponding ureter and upper 
moiety and associated poor or no renal excretory function is a 
common finding of an ectopic ureterocele. Therefore, an 
ectopic ureterocele could have a variety of imaging features 
depending on variable degrees of contrast opacification of the 
ureterocele itself and its adjacent structure. When the urinary 
bladder has been completely opacified by contrast medium on 
EU, an intravesicular ectopic ureterocele usually appears as a 
filling defect. If the corresponding upper moiety has a poor 
function, delayed images up to several hours or days after 
contrast medium administration are needed for contrast 
opacification of the ureterocele itself. Nonetheless, the con- 
trast medium opacification into the corresponding upper moi- 
ety, ureter, and ureterocele could be an additional imaging 
sign to support its diagnosis. 
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1.12 Renal Calyceal Diverticulum 


Case 20 


Fig. 1.32 


Fig. 1.33 
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A renal calyceal diverticulum is depicted on computed 
tomography (CT) but not on excretory urography 
(EU). Figure 1.32a, unenhanced CT shows a cystic 
structure (arrow) of the left renal lower pole. A renal 
calculus is depicted at adjacent lower calyx. Fig. 1.32b, 
enhanced axial CT image of excretory phase shows 
layering appearance of this cystic structure with 
contrast medium opacification in its dependent part via 
communication with left renal pelvicalyceal system. 
Figure 1.32c, enhanced coronal CT image shows 
contrast opacification of this cystic structure adjacent 
to the left renal lower calyx. Figure 1.33, excretory 
urography shows mass effect on the left renal lower 
calyx by a space-occupying lesion (arrow) at the left 
renal lower pole. This space-occupying lesion on EU is 
corresponding to a large renal diverticulum on CT 
(please refer to Fig. 1.32c for comparison). 


Key Diagnostic Features 


The diagnosis of renal calyceal diverticulum could be made 
only on excretory phase (i.e., the phase of contrast medium 
excretion into the renal pelvicalyceal system, ureter, and 
urinary bladder) of CT and magnetic resonance imaging 
(MRD. Similarly, other imaging modalities such as ante- 
grade pyelography (AP), retrograde pyelography (RP), or 
excretory urography (EU) have the abilities to show the ana- 
tomical relationship between a calyceal diverticulum, and 
its ipsilateral renal pelvicalyceal system could be used for 
diagnosis. A renal calyceal diverticulum is an outpouching 
sac of the renal pelvicalyceal system. The diverticulum com- 
municates with the renal pelvicalyceal system via a wide or 
usually narrow tunnel. Imaging diagnosis of renal calyceal 
diverticulum is established by contrast medium opacification 
of an outpouching diverticulum and the corresponding renal 
collecting system at the same time or thereafter. However, 
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a renal diverticulum could be as small as several mm to as 
large as several cm with mass effect on adjacent renal col- 
lecting system. For a small calyceal diverticulum, it typically 
appears as a totally contrast-opacified dense outpouch- 
ing from opacified renal pelvicalyceal system on excretory 
phases of CT and MRI as well as on EU, AP, and RP. For 
a large renal diverticulum, contrast medium-opacified urine 
could not fill the whole diverticulum. A layering appear- 
ance with contrast-opacified urine in dependent portion 
and unopacified urine in nondependent part could be thus 
depicted on CT and MRI, as well as standing films of EU, 
AP, and RP. Nonetheless, if a large calyceal diverticulum is 
only partly opacified by contrast medium on EU, AP, and RP, 
it has a density much lower than opacified renal pelvicaly- 
ceal system which might result in a false-negative diagnosis 
of calyceal diverticulum. 


Main Differential Diagnoses 


1. Renal cysts [12] 
A renal cyst is not communicated with the renal collect- 
ing system. However, renal calyceal diverticula simulate 
renal cysts on ultrasound as well as on arterial and neph- 
rogenic phases of CT and MRI. By the use of excretory 
phase of CT, MRI, or EU, the differentiation of renal 
cysts from renal calyceal diverticulum could be made by 
the absence or presence of contrast filling-in of the cystic 
structure. 

2. Solitary obstructed hydrocalicosis 
A solitary obstructed hydrocalicosis also appear as a cys- 
tic structure simulating renal calyceal diverticula. 
Nonetheless, we usually recognize the corresponding 
calyx for a renal calyceal diverticulum on images without 
difficulty. On the other hand, in consideration of a diagno- 
sis of a solitary obstructed hydrocalicosis on images, we 
should search for its corresponding solitary obstructive 
lesion involving the infundibulum by neoplasms, stric- 
tures, infections, or calculus. 
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1.13 Medullary Sponge Kidney 


Case 21 


Fig. 1.35 


Fig. 1.34 


Fig. 1.36 


28 


Images of retrograde pyelography (RP), computed 
tomography (CT), and renal ultrasound (US) illustrate 
features of medullary sponge kidney. Figure 1.34a, 
a baseline film of RP shows numerous calcifications 
(arrowheads) of both kidneys before contrast medium 
administration via ureteral stents (arrows). Figure 1.34b, 
RP shows these calcifications being located outside the 
renal collecting systems of both kidneys. Figure 1.34c, 
magnification view of the right renal upper pole por- 
tion of RP shows paralleling lines of contrast medium 
opacification containing calcifications and perpendicu- 
lar to the right upper calyx. Figure 1.35a, axial image 
of CT of renal corticomedullary phase shows calcifi- 
cations (arrows) in medullary pyramids of the right 
kidney. Figure 1.35b, axial image of CT of excretory 
phase shows calcifications (black arrows) outside the 
right renal upper infundibulum. Note opacification of 
the left renal upper infundibulum (white arrow) and 
absence of medullary calcification of the left kidney in 
this level. Figure 1.36, the right renal US shows diffuse 
hyperechoic appearances of the medullas with normal 
longitudinal length of this kidney (measured as 10 cm). 


Key Diagnostic Features 


Medullary sponge kidney (MSK) is also named as benign 
tubular ectasia of the kidney, which describes congenital 
collecting ducts dilatations in solitary or multiple medullary 
pyramids of either one or both kidneys. This implies that the 
renal involvement of MSK could be asymmetric, patchy, or 
segmental in appearances. On excretory urography or RP, con- 
trast medium streaks perpendicular to the calyces represent 
these opacified dilated collecting ducts, which is a key diag- 
nostic feature of MSK. MSK is also associated with medullary 
nephrocalcinosis (i.e., calcifications of medullary pyramids) 
which is presumed related to urinary stasis in dilated collect- 
ing ducts. How to make sure these calcifications are located in 
medullary pyramids and not in renal pelvicalyceal system or 
renal cortex? First, renal medulla could be differentiated from 
renal cortex in corticomedullary phase after contrast medium 
administration on either CT or magnetic resonance imaging 
(MRI) as well as on renal US. On corticomedullary phase 
of CT, medullary calcifications appear as high density foci 
in a relatively low density medullary pyramid which is sur- 
rounded by high density renal cortex. Nonetheless, medullary 
calcifications are typically showing low signal intensity foci 
on both T1-weighted and T2-weighted images of MRI. On 
renal US, normal renal medulla appear as less echogenic than 
renal cortex. Nonetheless, because calcifications are highly 
echogenic on US, medullary nephrocalcinosis shows high 
echogenic appearances of renal medulla, which becomes 
hyperechoic to normal renal cortex. Furthermore, MSK 
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patients also have a higher tendency of having nephrolithiasis 
(i.e., renal calculi) because medullary calcifications may enter 
into the renal collecting system. 


Main Differential Diagnoses 


1. Medullary nephrocalcinosis by other causes 
There are other causes of medullary nephrocalcinosis 
such as renal tubular acidosis, hyperparathyroidism, and 
hypercalcemic states. However, these diseases do not 
present with dilatations of collecting ducts as MSK does. 
If a patient shows medullary nephrocalcinosis, a careful 
search of paralleling contrast medium streaks perpendic- 
ular to calyces should be done. In the presence of contrast 
medium streaks, MSK should be diagnosed rather than 
other causes of medullary nephrocalcinosis. In addition, 
medullary nephrocalcinosis in a segmental distribution of 
kidney or found only in one kidney (not in both kidneys) 
favors the diagnosis of MSK. 
2. Normal papillary blush 

Normal papillary blush could be depicted of excretory 
phase of enhanced CT or excretory urography, which is 
due to the concentration of contrast medium in normal 
medulla. Normal papillary blush appears as indistinct 
opacities (arrowheads, Fig. 4) symmetrically distributed 
in papilla of both kidneys, and MSK shows distinct 
opaque thick lines (dilated collecting ducts) paralleling to 
each other simulating brush appearance. The presence of 
medullary nephrocalcinosis in addition to opacities in 
papilla suggests the diagnosis of MSK. 


3. Pyelotubular backflow on RP 

Pyelotubular backflow on RP is contrast medium extravasa- 
tion from the renal pelvicalyceal system to the distal collect- 
ing ducts on forceful contrast medium administration via 
ureteral stenting. In pyelotubular backflow on RP, opacified 
distal collecting ducts by contrast medium are of normal 
sizes and not associated with medullary nephrocalcinosis. 
On the other hand, in patients with MSK, the opacification 
of dilated collecting ducts could be encountered not only on 
RP but also on EU or CT of excretory phase. 
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1.14 Extrarenal Pelvis 


Case 22 


Fig. 1.39 


Images of excretory urography (EU), renal ultrasound 
(US), and magnetic resonance imaging (MRI) illus- 
trate features of extrarenal pelvis of the right renal pel- 
vis. Figure 1.37, EU shows a large size of the right 
renal pelvis (arrows) as compared to that of left renal 
pelvis (arrowheads). However, renal calyces of both 
kidneys are not dilated. Figure 1.38, right renal US 
shows a large renal pelvis having a part outside the 
confine of the renal sinus fat. Figure 1.39a, unenhanced 
axial Tl-weighted image of MRI shows the part 
(arrow) of the right renal pelvis beyond the confine of 
the right renal pelvis. Figure 1.39b, coronal magnetic 
resonance urography shows a prominent right renal 
pelvis (arrow) without associated dilatation of the 
right renal calyces. 
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Key Diagnostic Features 


The key diagnostic features of the presence of extrarenal 
pelvis on images are to recognize a large renal pelvis but 
without corresponding dilatation of corresponding calyces 
and to recognize the characteristic anatomical relationship 
of the renal pelvis to the renal sinus fat which explains the 
large size of the renal pelvis. Extrarenal pelvis is a normal 
variant characterized by the renal pelvis going outside the 
confines of the renal sinus fat. As a result, the size of an 
extrarenal pelvis could become very large if there is a large 
amount of urine excreting into the extrarenal pelvis because 
its size is no more restricted by the anatomical boundaries 
of the renal sinus fat. In other words, the size of an extrare- 
nal pelvis on images varies by the urine amount at the time 
of imaging. 
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Main Differential Diagnoses 


1. Hydronephrosis by obstructive or nonobstructive causes. 
On images, hydronephrosis is diagnosed by the presence of 
dilatation of the renal pelvis, accompanied by dilatations of 
ipsilateral renal calyces. By definition, hydronephrosis 
means dilatation of the renal pelvis which of course shows 
a large size of the renal pelvis. However, because the renal 
pelvis is communicated to ipsilateral renal calyces, hydro- 
nephrosis is nearly always accompanied by dilatation of 
renal calyces if there is no cause disrupting their communi- 
cations. Therefore, when a large renal pelvis is illustrated 
on images, an evaluation of the ipsilateral renal calyces 
should be done for differentiating hydronephrosis from 
extrarenal pelvis (a normal variant). A thorough search for 
the presence of obstructive or nonobstructive causes of 
hydronephrosis on images could help in making a diagno- 
sis of hydronephrosis with confidence as well. 
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1.15 Congenital Ureteropelvic Obstruction 


Case 23 


Fig. 1.40 


Fig. 1.41 


Excretory urography (EU) and computed tomography 
(CT) illustrate imaging features of a patient with congeni- 
tal ureteropelvic junction (UPJ) obstruction. Figure 1.402, 
a baseline plain radiograph of the kidney, ureter, and blad- 
der (KUB) of EU shows multiple calculi (arrowheads) of 
the left kidney. Figure 1.40b, EU image after contrast 
medium administration shows a huge size of the left renal 
pelvis (arrow) associated with dilated renal calyces. 
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Figure 1.41, enhanced CT images of excretory phase by 
coronal scan (Fig. 1.41a), axial scan at midportion of left 
kidney (Fig. 1.41b), and axial scan at lower pole of left 
kidney (Fig. 1.41c) show marked dilatation of left renal 
pelvis (arrows) accompanied by dilatation of left renal 
calyces (white arrowheads). Note opacification of the 
right ureter (black arrowhead) shown in Fig. 1.41c. 
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Case 24 


Fig. 1.42 
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Excretory urography (EU), retrograde pyelography 
(RP), renal ultrasound (US), and computed tomogra- 
Fig. 1.43 phy (CT) illustrate imaging features of a patient with 
congenital ureteropelvic junction (UPJ) obstruction. 
Figure 1.42a, EU at 10 min after contrast medium 
administration shows opacification of dilated renal 
calyces (arrows) but no opacification of the renal pel- 
vis. Figure 1.42b, EU at 60 min after contrast medium 
administration shows right hydronephrosis (arrow) 
and hydrocalicosis with opacification of a normal- 
sized right ureter (arrowhead). Figure 1.43, right RP 
shows contrast opacification of right ureteropelvic 
junction. (arrowhead) with abrupt angulation and 
marked hydronephrosis (arrow). Figure 1.44, right 
renal US shows obvious dilatation of the right renal 
pelvis (arrow). Fig. 1.45a, axial enhanced CT of excre- 
tory phase shows partial opacification of the right renal 
pelvis by contrast medium with layering appearance 
(arrowhead) in contrast to total opacification of the left 
renal pelvis, left renal calyces, and left ureter with nor- 
mal. Figure 1.45b, coronal enhanced CT of excretory 
phase shows contrast opacification of dilated calyces 
(arrowhead) of the right kidney and nearly no contrast 
opacification of the right renal pelvis at this scan. 


Fig. 1.44 
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Case 25 


Fig. 1.46 


Fig. 1.47 
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Retrograde pyelography (RP) and magnetic resonance 
imaging (MRI) show left congenital ureteropelvic 
junction (UPJ) obstruction in a 10-year-old boy. 
Figure , left RP shows marked dilatation of the left 
renal pelvicalyceal system (arrow) with abrupt nar- 
rowing at the left UPJ (arrowhead), consistent with 
UPJ obstruction. Figure , unenhanced T2-weighted 
image of MRI shows obvious left hydronephrosis 
(arrow) resulted from left UPJ obstruction. 


Key Diagnostic Features 


Imaging diagnosis of ureteropelvic junction (UPJ) obstruc- 
tion is based on concurrent dilatation of the renal pelvis and 
ipsilateral renal calyces, with visualization of a normal or 
even small-sized ipsilateral ureter or nonvisualization of ipsi- 
lateral ureter at all. The proximal dilatation only above UPJ 
confirms the obstructive point as UPJ. Congenital UPJ 
obstruction could be due to a dynamic segment at UPJ or less 
commonly by extrinsic compressing vessels or fibrotic bands 
at UPJ [13]. In the presence of severe UPJ obstruction, con- 
trast opacification of ipsilateral renal pelvicalyceal system 
could be delayed and faint by impaired renal function. The 
presence of severe hydronephrosis for a long period also may 
result in renal parenchymal atrophy. Depending on the 
degree of UPJ obstruction, the ipsilateral ureter varies from 
normal, faint, or no opacification by contrast medium. Many 
imaging modalities including excretory urography (EU), ret- 
rograde pyelography (RP), computed tomography, and mag- 
netic resonance imaging are able to diagnose UPJ obstruction 
based on its imaging characteristics. An angulation or kink- 
ing appearance of the UPJ is a typical imaging finding shown 
on EU, RP, or computed tomography urography. Nonetheless, 
a dilated renal pelvis and renal calyces of the same side with- 
out dilatation of ipsilateral ureter suggest the diagnosis of 
UPJ on images, even in the absence of clear depiction of UPJ 
appearance. 


Main Differential Diagnosis 


]. Extrarenal pelvis 

Extrarenal pelvis mimics UPJ obstruction by showing a 
large renal pelvis. However, if renal calyces remain nor- 
mal in sizes despite of a large renal pelvis, the diagnosis 
of extrarenal pelvis is more favored. Furthermore, extra- 
renal pelvis, in general speaking, does not result in renal 
function impairment and renal parenchymal atrophy since 
there is absence of true obstruction. 
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1.16 Primary Megaureter 


Case 26 


Fig. 1.48 


Excretory urography (EU) shows imaging findings of left 
primary megaureter. Figure 1.48a, magnification view of 
left distal ureter of EU at 30 min after contrast medium 
administration shows obvious dilatation of left distal ure- 
ter (arrow) with normal size of the most distal part of left 
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ureter. Figure 
vis and proximal ureter at 30 min after contrast medium 
administration shows normal size of the left renal pelvi- 
calyceal system (arrow). The left proximal ureter is 
mildly dilated, not as severe as that of left distal ureter. 


18b, magnification view of left renal pel- 
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Case 27 


Fig. 1.49 
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Excretory urography (EU) shows imaging findings of 
left primary megaureter. EU at 10 min after contrast 
medium administration (Fig. 1.49) shows dilatation of 
middle and distal part (arrows) of left ureter with spin- 
dle shape. Note the straight course of dilated part of the 
left ureter with normal appearance of the left renal pel- 
vicalyceal system. All these imaging findings are typi- 
cal for primary megaureter. 


Key Diagnostic Features 


Primary obstructive megaureter is uncommon. It is caused 
by a segment of distal ureter near ureterovesical junction 
with poor peristalsis function and resulting in ureteral dilata- 
tion [14]. On images, megaureter is characterized by 
predominantly dilatation of the distal third of the ureter with- 
out a tortuous course. In more severe case of primary mega- 
ureter, the proximal ureter and even the renal collecting 
system could be dilated as well; however, their dilatation 
degrees are typically less than that of the distal third of the 
ureter. 
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1.17 Vesicoureteral Reflux 


Case 28 


La 


Fig. 1.51 


Fig. 1.50 


Voiding cystourethrography (VCUG) and enhanced com- of intrarenal reflux (arrowhead). Enhanced CT images 
puted tomography (CT) show a child with left vesicoure- (Fig. 1.51a, b) show striated nephrogram (arrows) with 
teral reflux and acute pyelonephritis. Figure 1.50, VCUG internal liquefied areas of the left kidney, suggestive of 
shows left vesicoureteral reflux with dilatation of the left severe acute pyelonephritis. There is left hydronephrosis 
renal collecting system and left ureter. Note the presence (arrowhead). 


1.17 Vesicoureteral Reflux 


Case 29 


Fig. 1.52 
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Voiding cystography (VCUG) shows bilateral vesico- 
ureteral reflux in an adult. Figure 1.52, VCUG shows 
vesicoureteral reflux bilaterally without dilatation of 
bilateral renal collecting systems. 


Key Diagnostic Features 


Vesicoureteral reflux (VUR) is diagnosed by identifying ret- 
rograde filling of the ureter from the urinary bladder. Voiding 
cystourethrography (VCUG) is the best imaging modality 
for its diagnosis [15]. Children with a normal course and 
angle of the ureter through the bladder wall usually do not 
have VUR. In contrast, VUR is common in children with 
immature or abnormal ureterovesicular angles. VUR is asso- 
ciated with acute pyelonephritis by intrarenal reflux of 
infected urine. The most common site of intrarenal reflux is 
the renal upper calyx by its compound calyx structure. In 
grades III- V VUR, there is mild to severe dilatation of ipsi- 
lateral renal collecting system and ureter. In children, VUR 
is the most common cause of nonobstructive hydronephro- 
sis. Although excretory urography, computed tomography, 
magnetic resonance imaging, or renal ultrasound is able to 
demonstrate hydronephrosis, they could not confirm VUR as 
the cause of the hydronephrosis. Therefore, a confirmation of 
VUR needs to be ascertained by conventional VCUG or 
magnetic resonance VCUG. 
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1.18 Seminal Vesicle Cysts with Ipsilateral 


Renal Agenesis 


Case 30 


Fig. 1.54 


Renal ultrasound (US) and computed tomography (CT) 
illustrate imaging features of left seminal vesicle cyst with 
(ipsilateral) left renal agenesis. Figure 1.53a, right renal US 
shows visualization of the right kidney (arrow) close to the 
liver (marked as L). Figure 1.54b, the left renal US shows 
visualization of spleen (marked as S) but no visualization of 
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the left kidney. Figure 1.54a, abdomen-enhanced CT image 
shows absence of the left kidney in the presumed left renal 
fossa location. Note the colonic loops (arrows) occupying 
left renal fossa. Figure 1.54b, pelvis axial CT shows cysts 
(arrow) of the left seminal vesicle in contrast to the normal 
appearance of the right seminal vesicle. 


118 Seminal Vesicle Cysts with Ipsilateral Renal Agenesis 


Key Diagnostic Features 


Cysts of the seminal vesicles are diagnosed on images when 
cysts replace normal imaging pictures of the seminal vesi- 
cles. Congenital seminal vesicle cysts are frequently associ- 
ated with ipsilateral renal agenesis [16]. Cysts are diagnosed 
on imaging by imaging characteristics of water depending 
on imaging modalities. On computed tomography (CT), 
cysts appear as thin-walled water density lesion (measured 
about —10 to 20 Hounsfield unit) without any internal 
enhancement. On ultrasound (US), cysts are anechoic mass 
with smooth and thin walls. On magnetic resonance imag- 
ing (MRI), cysts appear as low signal intensity on 
T1-weighted image and high signal intensity on T2-weighted 
image. 
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Main Differential Diagnoses of Congenital 
Seminal Vesicle Cysts 


1. Acquired cysts of the seminal vesicles 

Obstruction, inflammation, or infection could result in 
acquired cysts of the seminal vesicles. The presence of 
ipsilateral renal agenesis makes a diagnosis of congenital 
seminal vesicle cysts with confidence. Furthermore, in 
the presence of obstruction, a tubular cystic dilatation of 
seminal vesicles is usually shown rather than isolated 
cysts. Infection or inflammation of the seminal vesicles 
on images is usually depicted with dirty adjacent fat and 
concurrent prostatitis. Furthermore, acquired cysts of the 
seminal vesicles are usually bilateral and occur in patients 
with chronic prostatitis [16]. 
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1.19 Urachal Cyst 


Case 31 


Fig. 1.55 


Computed tomography (CT) images show a urachal 
cyst with inflammation. Figure 1.55a, enhanced sagit- 
tal CT image shows a cystic lesion with enhancing and 
thickened wall, which is located superior-anterior to 
the urinary bladder. Note the increased soft tissue den- 
sity contiguous to the cyst and toward the umbilicus 
(arrowheads). Note the irregular and thickening wall 
of the urinary bladder, consistent with cystitis. 
Figure 1.55b, axial enhanced CT image shows promi- 
nent umbilicus (arrowhead), contiguous with a midline 
soft tissue mass (arrow) behind the anterior abdominal 
wall. Figure 1.55c, axial enhanced CT image shows a 
midline cystic lesion with inner enhancing wall (arrow) 
and an outer soft tissue rim, which is located anterior to 
the urinary bladder. Histological examination of the 
resected specimens of this lesion reveals an urachal 
cyst with acute and chronic inflammation. 


Key Diagnostic Features 


Urachus connects the umbilicus to the bladder dome, which 
is normally a fibrous cord. A urachal cyst is typically shown 
on images as a midline cyst behind anterior abdominal wall 
on the route of a urachus. Sagittal images on computed 
tomography (CT) or magnetic resonance imaging (MRI) 
are best for demonstrating the anatomical features of a 
urachal cyst. If there is no superimposed infection or 
inflammation, urachal cysts are usually incidental findings 
on images. On the other hand, infection of urachal cysts 
usually present in adults [17]. On CT or MRI, abnormal 
enhancement of the cyst wall, abnormal soft tissue sur- 
rounding the cyst, abnormal air density in the cyst, or dirty 
fat and stranding adjacent the cyst usually suggests the 
presence of infection. 
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1.20 Hematocolpos by Imperforate Hymen 


Case 32 


Fig. 1.56 
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Computed tomography (CT) shows imaging findings in a 
12-year-old girl with hematocolpos. Figure 1.56a, unen- 
hanced axial CT image at bladder level shows a large 
round cystic area (arrow) posterior to the urinary bladder. 
Figure 1.56b, unenhanced axial CT image at the symphy- 
sis pubis level shows a cystic lesion (arrow) anterior to 
the rectum. Figure 1.56c, enhanced axial CT image at the 
kidney level shows the presence of both kidneys with nor- 
mal appearances. Figure 1.56d, enhanced axial CT image 
at sacroiliac joint level shows the uterus body (arrow) 
with dilated cavity containing fluid. The superior part of 
the urinary bladder (arrowhead) is shown anterior to the 


Key Diagnostic Features 


Hematocolpos means menstrual blood retention in the vagina 
which usually makes the vagina dilate. The vagina is located 
posterior to the urinary bladder and urethra and anterior to the 
rectum. It is usually caused by imperforate hymen and 
discovered during survey for amenorrhea [18]. Since hema- 
toma usually has no enhancement after contrast medium 
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uterus. Figure 1.56e, enhanced axial CT shows absence of 
internal enhancement of the cystic area (arrow). This cys- 
tic structure could be identified as being connected to the 
uterine cavity in Fig. 1.56d by serial axial images (not 
shown). In addition, the anatomical location of this cystic 
area is posterior to the urinary bladder (arrowhead). 
A dilated vagina filled with hematoma could be impressed 
by these findings. Figure 1.56f, axial enhanced CT near 
symphysis pubis level shows this dilated cystic lesion 
located between the partially opacified urinary bladder 
(arrowhead) and distal rectum, which is the anatomical 
position of the lower vagina. 


administration, hematocolpos is diagnosed on images by rec- 
ognition of a dilated vagina full of fluid content (i.e., cystic 
appearance) without enhancement. By using ultrasound, 
computed tomography, or magnetic resonance imaging, 
hematocolpos could be diagnosed with confidence by demon- 
strating its characteristic findings. Hematometra means blood 
filled in the uterine cavity. In the presence of severe hemato- 
colpos, hematometra could be sometimes found as well. 


1.21 Uterus Didelphys with Renal Agenesis and Hematocolpos 


1.21 Uterus Didelphys with Renal Agenesis 
and Hematocolpos 


Case 33 


Renal ultrasound (US) and magnetic resonance imag- 
ing (MRI) show uterus didelphys, renal agenesis, and 
hematocolpos in a female child. Figure 1.57a, right 
renal US shows visualization of a normal right kidney 
(arrow) in the right renal fossa. Figure 1.57b, left renal 
US shows absence of the left kidney in the left renal 
fossa but visualization of the spleen (S). Figure 1.58a, 
coronal T2-weighted image (T2WI) of the urinary 
bladder level shows the right uterus (white arrow) 
being widely separated from the left uterus (black 
arrow) as uterus didelphys. Figure 1.58b, coronal 
T2WI of renal level shows the presence of the right 
kidney (arrow) in the right renal fossa in contrast to the 
absence of the left kidney in the left renal fossa. The 
left uterine cervix (black arrowhead) is communicated 
with a dilated left vagina containing high signal inten- 
sity material (black arrow), as hematocolpos. The right 
vagina (white arrowhead) is compressed and right dis- 
placed by the left hematocolpos. Figure 1.58c, axial 
T2WI of renal level shows a normal right kidney 
(arrow) but absence of the left kidney. Figure 1.58d, 
axial T2WI of the vagina level shows left hematocol- 
pos (black arrow) presenting as a markedly dilated 
vagina containing blood. The right vagina (white 
arrowhead) is displaced right posteriorly. 
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Key Diagnostic Features 


Uterus didelphys is associated with unilateral renal agen- 
esis and hematocolpos of one hemivagina [19]. Uterus 
didelphys means presence of two separate uteruses and 
cervixes, usually accompanied by vaginal septum with two 
hemivaginas, resulted from complete absence of fusion 
of the Müllerian ducts. When the vagina is obstructed by 
imperforate hymen, hematocolpos forms. Hematocolpos or 
hematocolpometra is a common finding by occurrence of 
obstruction of one side of uterus didelphys. Both magnetic 
resonance imaging (MRI) and ultrasound are useful imag- 
ing modalities for diagnosing Müllerian duct anomalies by 
demonstrating both the internal structures of the uterus, 
cervix, and vagina as well as the extrauterine associations. 
On MRI and US, uterus didelphys is basically diagnosed 
by the presence of two widely separated uterine cavities 
without any sign of communication. The presence of two 
uterine cervixes could also be clearly delineated by coro- 
nal T2-weighted images of MRI, which shows anatomical 
structures the most clear. Hematocolpos is diagnosed by the 
presence of hematoma in dilated vagina evidenced by its 
anatomical communication with the uterine cervix by using 
MRI or US. Computed tomography (CT) is also possible 
for diagnosing uterus didelphys; however, the zonal anat- 
omy of uterine body, myometrium, endometrium, uterine 
cervix, and vagina could not be always differentiated by CT 
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kh 


Fig. 1.58 


due to its inherent contrast limitation in these anatomical 
locations. Hysterosalpingography (HSG) is a convention- 
ally used modality for diagnosing Müllerian duct anoma- 
lies. HSG could demonstrate the internal communication 
between uterus cavity, cervix, and vagina; however, it is not 
able to delineate the outer profile of a uterus, cervix, and 
vagina as well as their anatomical relationship to adjacent 
structures. The diagnosis of uterus didelphys on HSG in 
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fact relies on the operator to recognize two vaginas or two 
uterine cervixes during the procedures of HSG. If not, uni- 
cornuate uterus (another Müllerian duct anomaly) could be 
misdiagnosed on HSG by access of one side of the uterus 
didelphys. In conclusion, MRI and US could diagnose uter- 
ine didelphys by recognition of two separate uteruses first, 
which is supported by further delineation of the presence of 
two uterine cervixes or even two vaginas. 
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Urinary Tract Infection and 


Inflammation 


2.1 Acute Pyelonephritis 


Case 1 


Fig. 2.1 


Enhanced computed tomography (CT) shows acute 
pyelonephritis of both kidneys. Figure 2.1a, enhanced 
axial renal CT image shows stripes of hypodense areas 
(arrowheads) relative to normal renal parenchyma of 
the left renal upper pole. Figure 2.1b, enhanced axial 
renal CT image shows low-density areas (arrowheads) 
of both kidneys. Note that the hypodense areas involve 
the whole thickness of the renal parenchyma. 


L.-J. Wang, Key Diagnostic Features in Uroradiology: A Case-Based Guide, 
DOI 10.1007/978-3-319-08777-1. 2, O Springer International Publishing Switzerland 2015 


Computed tomography (CT) images illustrate imaging 
characteristics of a left acute pyelonephritis. Enhanced 
axial CT images (Fig. 2.2a, b) show variable sizes of 
hypodense areas of the left renal parenchyma. Note 
globular appearance of the left kidney as an imaging 
sign of renal swelling. 
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Case 3 


2 Urinary Tract Infection and Inflammation 


Fig.2.3 


Computed tomography (CT) images illustrate imaging 
characteristics of right acute pyelonephritis in a 3-year- 
old child. Enhanced axial CT images (Fig. 2.3a, b) 
show hypodense areas of the right renal parenchyma, 
appearing as wedge shapes or stripes (arrows). Note 
focal hydrocalicosis (arrowhead, 2.3a) of the right 
kidney. 


Key Diagnostic Features 


Acute renal pyelonephritis is better diagnosed by enhanced 
computed tomography (CT) or magnetic resonance imaging 
(MRD than by renal ultrasound (US). Acute pyelonephritis 
usually has no abnormal density area on unenhanced CT or 
MRI except for severe cases. In severe forms of acute pyelone- 
phritis, a liquefied region in acute pyelonephritis foci could 
occur, which may appear as lower density than normal paren- 
chyma. Therefore, enhanced CT or MRI is usually necessary 
for evaluating the extent of infection in acute pyelonephritis 
patients. On enhanced CT or MRI, acute pyelonephritis typi- 
cally shows striated nephrogram [1]. Striated nephrogram con- 
sists of one or more stripes or wedge shapes of hypodense areas 
on the renal parenchyma, which involves the whole renal 
parenchymal thickness [1]. In radiological literature, the term 
“multifocal bacterial nephritis” has been used to describe 


multiple low-density area involvements by acute pyelonephri- 
tis on enhanced CT or MRI. Acute pyelonephritis may involve 
one or both kidneys. Other common associated findings of 
acute pyelonephritis include renal swelling and dirty ipsilateral 
perinephric fat or fluid. In severe infection of acute pyelone- 
phritis, the involved kidney could have a delayed hemodynam- 
ics and nephrogram. At follow-up images, the infected site of 
renal parenchyma shows renal scarring appearance. 


Main Differential Diagnoses 


1. Focal renal infarct 

Focal renal infarct appears as a wedge-shaped area of 
low density at the renal parenchyma after contrast 
medium enhancement, which is similar to that seen in 
acute pyelonephritis [2]. However, several imaging find- 
ings may be used for differentiation between focal renal 
infarct and acute pyelonephritis. The presence of cortical 
rim sign in the periphery of hypodense regions suggests 
a diagnosis of focal renal infarct. Nonetheless, the 
absence of cortical rim sign could not exclude the diag- 
nosis of focal renal infarct. On the other hand, the pres- 
ence of renal swelling, globular renal shape, and dirty 
perinephric space in addition to wedge-shaped low-den- 
sity area on enhanced CT or magnetic resonance imaging 
favors acute pyelonephritis. 


2.2 


2.2 


Nephronia 


Nephronia 


Case 4 


[f 


Fig 


Fig 


.2.4 


.2.5 


Renal nephronia and acute pyelonephritis of both kidneys 
are depicted of a patient in first and follow-up images of 
computed tomography (CT). Figure 2.4a, enhanced axial 
renal CT image at midportion level shows hypodense areas 
in stripes (arrowheads) of both kidneys as acute pyelone- 
phritis. There is a round nodule (arrow) at the right kidney 
as an imaging finding of renal nephronia. Figure 2.4b, 
enhanced renal CT image at lower pole level shows acute 
pyelonephritis appearance (arrowheads) of the right kidney. 


Note an oval hypodense nodule (arrow) with a tiny cystic 
area in the center. Figure 2.5a, enhanced axial renal CT 
image at midportion level, 3 weeks later after Fig. 2.4a, 
shows that the prior nodule in Fig. 2.4a becomes a wedge- 


shaped low-density area without obvious swelling. 
Figure 2.5b, enhanced axial renal CT image at the lower 
pole shows focal renal parenchymal scarring (arrowheads) 
of both kidneys. There are still visible hypodense areas of 
both kidneys, but less obvious than before. 
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52 2 Urinary Tract Infection and Inflammation 
Key Diagnostic Features 2.3 . Renal Abscess 


Renal nephronia is one special form of bacterial infection of Case 5 
the kidney. Unlike striated nephrogram typical for acute 
pyelonephritis, renal nephronia appears as a round or oval 
hypodense nodule of the kidney on enhanced computed 
tomography (CT) or magnetic resonance imaging (MRI). 
There could be some cystic area of variable sizes in a renal 
nephronia. Therefore, renal nephronia has been reported for 
mimicking renal cell carcinomas (RCCs) in the literature. 
However, renal nephronia has some associated findings 
which may aid in its diagnosis. The presence of striated 
nephrogram as acute pyelonephritis in ipsilateral kidney 
implies that the nodule is very likely to be renal nephronia. 
The presence of ipsilateral perinephric dirty fat and fluid also 
supports a diagnosis of renal nephronia. Clinical symptoms 
and signs such as fever, flank pain, knocking pain, pyuria, 
and high WBC counts also favor the presence of urinary tract 
infection. In addition, follow-up enhanced CT or MRI stud- 
ies may show renal scarring or less obvious findings of renal 
infection if appropriate antibiotics have been prescribed. 


Main Differential Diagnoses 


1. Renal cell carcinoma 

Renal cell carcinomas confined in the kidney could have simi- 
lar pictures as those of renal nephronia [3]. The absence of 
associated findings related to infection on images as well as 
clinical symptoms and signs of infection favors RCC diagno- 
sis. In encountering a rare instance of infected RCC, follow-up 
images by CT or MRI after antibiotics treatment are usually 
necessary to distinguish an RCC from a renal nephronia. 


Fig.2.6 


Renal enhanced computed tomography (CT) shows 
imaging features of renal abscess. Figure 2.6a, unen- 
hanced axial renal CT image shows a mixed cystic and 
air density nodule (arrow) at the left kidney. 
Figure 2.6b, enhanced renal CT image shows a renal 
abscess appearing as a cystic mass with central air den- 
sity (arrow). Striated nephrogram (black arrowhead) 
is noted at the right kidney as an imaging presentation 
of acute pyelonephritis. Note thickening of bilateral 
perinephric fascia and perinephric fat (white arrow- 
heads). Figure 2.6c, enhanced coronal renal CT image 
shows a renal abscess (arrow) at the left upper pole. 


2.3 Renal Abscess 


Case 6 


Fig. 2.7 


Fig. 2.8 


Renal computed tomography (CT) shows imaging 
characteristics of renal abscess and its follow-up 
appearance. Figure 2.7a, unenhanced axial renal CT 
image shows a cystic mass (arrow) at the right kidney. 
Figure 2.7b, enhanced axial renal CT image shows a 
cystic mass with thick wall (arrow) at the right kidney. 
Figure 2.8, enhanced axial renal CT image at 3 months 
later shows renal scarring (arrow) at the right upper 
pole. 
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Key Diagnostic Features 


Renal abscess is diagnosed on computed tomography (CT) 
or magnetic resonance imaging (MRI) by the presence of a 
cystic mass with internal air density. Renal abscess could 
also appear as a cystic mass with rim wall enhancement on 
CT and MRI. Similar to acute pyelonephritis and renal neph- 
ronia, there are usually associated imaging findings, such as 
thickened perinephric fascia, dirty perinephric fat, perineph- 
ric fluid collection, and renal swelling, to support imaging 
diagnosis of renal abscess. Furthermore, renal bacterial 
infection could present as a disease spectrum varied from 
acute pyelonephritis to renal abscess. Therefore, it is com- 
mon for patients to have concurrent imaging findings of renal 
abscess, renal nephronia, and acute pyelonephritis on one 
imaging study. Furthermore, as the infection could also 
spread to anatomical regions other than the kidney, it is 
important to identify the involved extent of urinary tract 
infection on images. In summary, a renal cystic mass with 
internal air density or rim enhancement on images in the 
presence of other supportive imaging signs of renal infection 
suggests a diagnosis of renal abscess. 


Main Differential Diagnoses 


1. A renal neoplasm with necrosis 
The necrotic part in a renal neoplasm appears as an inter- 
nal cystic area on images, which simulate the cystic con- 
tent of a renal abscess. However, being a renal neoplasm, 
the soft tissue non-necrotic part in a renal neoplasm usu- 
ally has a more irregular profile and thickness than that of 
the wall of a renal abscess. There are also no associated 
infection findings on images in a necrotic renal neoplasm, 
unless it has superimposed infection. 
2. Infected renal cyst 

A renal simple cyst is a cyst with thin or unrecognizable 
wall. When a cyst is infected, the wall could be thickened 
and enhanced and there could be coexisting infection 
findings on images. Nonetheless, a renal cyst existed 
before infection and a renal abscess occur without prior 
cyst. Therefore, the key to differentiate an infected renal 
cyst from a renal abscess is based on whether there is a 
preexisting renal cyst or not. If there are available prior 
images, a comparison between the anatomical location on 
a prior imaging study and this imaging examination could 
clarify this question. If there is evidence of renal cystic 
diseases on images, an infected renal cyst is also favored 
as well. 
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2.4 Renal Subcapsular Abscess 


Case7 


2.4 Renal Subcapsular Abscess 


Renal enhanced computed tomography (CT) shows 
imaging features of renal subcapsular abscess. 
Figure 2.9a, unenhanced axial renal CT image shows 
mass effect on left renal collecting system (white 
arrowheads). The left renal subcapsular abscess is 
isodense to the left renal parenchyma on unenhanced 
CT. Thus, the extent and margin of the left renal sub- 
capsular abscess could not be clearly delineated on this 
unenhanced CT image. Figure 2.9b, enhanced renal 
CT image shows the left renal subcapsular abscess 
(white arrow) being hypodense to the adjacent renal 
parenchyma. The left subcapsular abscess has an irreg- 
ular lateral profile with dirty fat in ipsilateral perineph- 
ric space (white arrowheads) and thickening of the left 
perinephric fascia. This subcapsular abscess has a len- 
ticular shape. The left renal parenchyma is compressed 
to a concave appearance by this subcapsular abscess. 
Pus is drained out via the radiopaque drainage tube 
(black arrowhead) inserted in the left renal subcapsu- 
lar abscess. Figure 2.10a, baseline plain radiography 
after drainage tube inserted in the left subcapsular 
abscess shows several radiopaque left renal stones 
(white arrowheads). The tip of an abscess drainage 
catheter (white arrow) is separated from the cranial 
loop of a double J catheter (black arrowhead). 
Figure 2.10b, plain radiography of the abscess after 
contrast medium injection via the abscess drainage 
catheter shows opacification of the abscess space 
(white arrow), which has no communication with the 
left kidney. 
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Key Diagnostic Features 


Renal subcapsular abscess is diagnosed on images by recogni- 
tion of an abscess which is located in the renal subcapsular 
space. Abscesses are typically of cystic density on unenhanced 
CT; however, with a thick pus in an abscess, its density could 
become isodense to the renal parenchyma. On the other hand, 
any space-occupying lesion located in the renal subcapsular 
space would exert mass effect on the adjacent renal paren- 
chyma as well as the ipsilateral renal collecting system. Similar 
to renal abscess, renal subcapsular abscess is usually associated 
with perinephric stranding, perinephric fluid collection, peri- 
nephric dirty fat, and thickened perinephric fascia. Because the 
shape of a renal subcapsular hematoma is restricted laterally by 
the renal capsule and medially by the adjacent renal paren- 
chyma, it usually has a lenticular shape on images. 


Main Differential Diagnoses 


]. Perinephric abscess 
Perinephric abscess has less mass effect on the adjacent 
renal parenchyma and ipsilateral renal collecting system. 
Perinephric space usually does not form a lenticular shape 
as that seen in the renal subcapsular abscess. The large 
space of the perinephric area also allows a much larger 
abscess than the size of a renal subcapsular abscess. 

2. Renal subcapsular hematoma 
Hematoma is usually not enhanced after contrast medium 
administration on computed tomography (CT) and mag- 
netic resonance imaging (MRI). Acute hematoma is rec- 
ognized by its high density of 60-90 Hounsfield units on 
unenhanced CT images, without enhancement after con- 
trast medium administration. For a renal subcapsular 
hematoma, there is usually the lack of associated infection 
signs on images unless there is superimposed infection of 
a preexisting hematoma. 
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2.5  Perinephric Abscess 


Case 8 


Fig. 2.11 


Renal computed tomography (CT) shows imaging fea- (arrowheads). Enhanced axial renal CT images 
tures of perinephric abscess. Unenhanced axial renal (Fig. 2.11c, d) show an abscess with thick wall (arrow) 
CT images (Fig. 2.11a, b) show a large cystic mass with thickened fascia (arrowhead). Another abscess 
(arrows) displacing the right kidney anterolaterally. (black arrow) involving the right psoas muscle is 
Thickening of the right perinephric fascia is depicted noted. 
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Case 9 


Fig.2.12 

and enhancing wall, a mass with air-fluid layering, a lesion 
Renal computed tomography (CT) shows a patient full of air collection, or any combination of the above three 
with perinephric abscess. Figure 2.12a, unenhanced pictures. As the perinephric space is contiguous to the kid- 
axial CT images at midportion of the right kidney ney and confined in a potentially large perinephric space, a 
shows a mixed air and cystic area (arrow) with air- perinephric abscess usually has obvious displacement of the 
fluid layering (arrowhead). Figure 2.12b, unenhanced ipsilateral kidney, especially if it is large sized. The com- 
axial CT image at the lower pole of the right kidney pression effect of the adjacent renal parenchyma by a peri- 
shows abnormal air collection area (arrow) in the right nephric abscess is usually less evident than the displacement 
perinephric space. The right kidney is anteriorly dis- effect. 


placed and there is dirty fat in the adjacent pericolic fat 
of the ascending colon. 
Main Differential Diagnoses 


]. Subcapsular abscess 


Key Diagnostic Features Subcapsular abscess usually has a lenticular shape with 

obvious mass effect on the adjacent renal parenchyma. 
Perinephric abscess is diagnosed on CT by identifying an Subcapsular abscess usually has a smaller size than a 
abscess located in the perinephric space. A perinephric perinephric abscess due to the confined effect of the renal 


abscess could present on CT as a cystic mass with thickened capsule. 
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2.6  Pyonephrosis 
Case 10 


Fig.2.13 


Enhanced computed tomography (CT) shows imaging 
findings of pyonephrosis. Figure 2.13a, coronal enhanced 
CT image shows dilatation of left pelvicalyceal system 
with enhancing wall and debris (arrowheads). 
Figure 2.13b, axial enhanced CT image shows abnor- 
mally thickened wall (arrowhead) in left hydronephrosis 
with left perinephric fascia thickening (arrow) and dirty 
left perinephric fat. Figure 2.13c, axial enhanced CT 
image shows layering appearance (arrowhead) of debris 
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in dependent portion of a left renal middle calyx. The left 
renal pelvis is small in size with thickened wall as well. 
Figure 2.13d, axial enhanced CT image shows a right 
renal pelvis calculus (arrow) with resultant left pyone- 
phrosis, as evidenced by urine-debris layering (arrow- 
heads) in calyces. Gross and microscopic examinations of 
the left nephrectomy specimen reveals marked pyone- 
phrosis with pus in the left renal collecting system as well 
as severe acute and chronic inflammation. 


2. Emphysematous Pyelitis 
Key Diagnostic Features 


Pyonephrosis means infection of an obstructed and dilated 
renal collecting system. Therefore, pyonephrosis is diag- 
nosed on images not only by presence of hydronephrosis or 
hydrocalicosis but also by imaging signs suggestive of infec- 
tion. On CT, the presence of urine-debris layering, air-fluid 
layering, or debris in a dilated pelvicalyceal system with 
adjacent perinephric stranding or fascia thickening suggests 
pyonephrosis. On MRI, similar signs could be sued for diag- 
nosis of pyonephrosis. On ultrasound, pyonephrosis could be 
diagnosed by identifying debris as low echoic materials in a 
dilated renal collecting system with or without layering 
appearance. The most common cause of obstruction for pyo- 
nephrosis is urolithiasis. However, any causes resulting in 
urinary tract obstruction may suffer from further infection 
and result in pyonephrosis. 


Main Differential Diagnoses 


1. Xanthogranulomatous pyelonephritis 
Xanthogranulomatous pyelonephritis (XGN) is an uncom- 
mon renal infection, diagnosed by the presence of so-called 
xanthoma cells. Xanthoma cells are characterized by his- 
tiocytes having foamy fat-containing cytoplasm on histo- 
logical examinations. The classical XGN involves the 
whole kidney. The typical findings of classical XGN on CT 
are a staghorn stone, multiple hypodense areas surrounding 
the stone, and poor or absence of function of the involved 
kidney. Thus, the presence of normal renal excretory func- 
tion in a dilated and infected renal collecting system by 
calculus obstruction favors the diagnosis of pyonephrosis. 
Nonetheless, severe pyonephrosis may result in poor or no 
renal excretory function as well, which may be indistin- 
guishable from XGN on images. On the other hand, the 
presence of perinephric inflammatory mass or fistula 
between the kidney and adjacent anatomical structures is 
much more common in XGN than in pyonephrosis. 
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Case 11 


Fig. 2.14 
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Fig.2.14 (continued) 
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Unenhanced computed tomography (CT) images illus- 
trate typical imaging findings of emphysematous pyeli- 
tis. Figure , unenhanced coronal CT image shows 
abnormal air collections of variable sizes (arrows) in 
the left renal upper calyx. Figure , unenhanced 
sagittal CT image shows air bubbles (arrows) in the left 
renal and middle calyces. Figure , unenhanced 
axial renal CT image shows abnormal air (arrow) in the 
left renal upper calyx. Figure , unenhanced axial 
CT image at the left proximal ureter level shows an air 
bubble (arrow) inside the left proximal ureteral lumen. 
Note that there is a nonspecific increased stranding of 
the left perinephric space and thickened left perinephric 
fascia on all four images. 


Key Diagnostic Features 


Emphysematous pyelitis is described as an abnormal air 
collection inside the renal collecting system. Therefore, 
computed tomography is a much sensitive imaging tool 
for detecting the presence of air collections inside the 
Iumen of the renal collecting system than plain radio- 
graphs of the kidney, ureter, and bladder (KUB), espe- 
cially in small amounts of abnormal air. The presence of 
air in the renal collecting system could be due to prior 
instrumentation or interventions, such as retrograde 
pyelography (RP), antegrade pyelography (AP), percuta- 
neous nephrostomy, ureteroscopy, ureteral stenting, or 
biopsy. Gas-producing bacterial infection (e.g., E. coli 
infection) could also present with emphysematous pyelitis 
on CT. Since the ureteral lumen is communicated with the 
renal collecting system, concurrent air collection in the 
ureter may be seen as well. 


Main Differential Diagnoses 


1. Emphysematous pyelonephritis 
Classical emphysematous pyelonephritis is defined as the 
abnormal air collection in the renal parenchyma rather 
than in the renal collecting system. Emphysematous 
pyelonephritis implies a much more severe renal infec- 
tion than emphysematous pyelitis does. 
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2.8  Emphysematous Pyelonephritis 


Case 12 


Fig. 2.16 


Plain radiograph of the kidney, ureter, and bladder 
(KUB) and unenhanced computed tomography (CT) 
show typical imaging sign of emphysematous pyelo- 
nephritis. Figure 2.15, KUB shows mottled air density 
collection in a reniform shape (arrow) of the right 
abdomen. The left psoas line (arrowheads) is clearly 
visible. The right psoas line could not be visualized. 
Figure 2.16, unenhanced axial renal CT image shows 
the right renal parenchyma being replaced by air den- 
sity collection (arrow) except a small posterior part 
(arrowhead). The pictures on KUB and CT are pathog- 
nomonic of emphysematous pyelonephritis. 


Fig.2.15 
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Case 13 


Fig.2.17 


Fig. 2.18 
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Renal ultrasound (US) and unenhanced computed 
tomography (CT) show imaging findings in a patient 
with left emphysematous pyelonephritis. Figure : 
left renal US shows a highly echogenic part (arrow) 
with posterior dirty shadowing, consistent with intrare- 
nal air collection. Serial unenhanced axial renal CT 
images (Fig. ) show air density collection 
(arrows) instead of normal renal parenchymal density 
in the posterior part of the left kidney, suggestive of 
emphysematous pyelonephritis. The infection extends 
to the left perinephric space as evidenced by small air 
bubbles (white arrowheads). A right renal calyceal 
stone (black arrowhead) is depicted. There are pancre- 
atic head calcifications due to chronic pancreatitis. 


Key Diagnostic Features 


Emphysematous pyelonephritis is the collection of abnormal 
air in the renal parenchyma. It occurs most commonly in dia- 
betes mellitus patients. In classical form of emphysematous 
pyelonephritis, there is no fluid mixed with air density, which 
reflects poor immune status of the patients. Thus, classical 
emphysematous pyelonephritis is diagnosed by visualization 
of air density replacing normal parenchyma, and thus, unen- 
hanced CT is usually sufficient for its diagnosis. If the whole 
kidney is involved in emphysematous pyelonephritis, plain 
radiograph of the kidney, ureter, and bladder demonstrates a 
kidney with air collection showing high contrast to its adja- 
cent structures. 


Main Differential Diagnoses 


1. Renal abscess 
A renal abscess appears as a mass of mixed cystic and air 
density or purely cystic density with a thickened wall. 
The presence of fluid in patients with renal infection 
reflects better immune response of the patients than that 
of patients with emphysematous pyelonephritis. 
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Xanthogranulomatous Pyelonephritis 


Case 14 


Fig. 2.19 


Computed tomography (CT) shows typical imaging sign 
of xanthogranulomatous pyelonephritis. Figure 2.19a, CT 
scout film shows right renal staghorn stone (arrows) and 
left renal stones (arrowhead). Figure 2.19b, enhanced 
axial CT image at the right renal upper pole level shows 
obvious enlargement of the right kidney with hypodense 
areas having rim enhancement (arrow). There is obvious 
extrarenal inflammation (arrowheads) between the right 


kidney and the liver. Figure 2.19c, enhanced axial CT 
image at the right renal midportion level shows extrarenal 
inflammation abutting anterior abdominal wall. Note the 
intrarenal hypodense area surrounding the right renal 
staghorn stone. Figure 2.19d, enhanced axial CT image at 
the right renal lower pole level shows inflammation 
(arrowhead) at the right perinephric area. Note the right 
kidney has no excretion function on all images. 
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Case 15 


Fig. 2.20 


Enhanced computed tomography (CT) shows imaging 
findings of a 71-year-old woman proven to have right xan- 
thogranulomatous pyelonephritis by histological examina- 
tion of surgical specimen for a right nephrectomy. 
Figure 2.20a, enhanced CT at the right renal upper pole 
level shows no contrast medium excretion of the right 
kidney with dilated calyx (arrow) and right extrarenal 
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inflammatory soft tissue nodule (arrowhead). Figure 2.20b, 
enhanced CT at the right renal midportion shows inflam- 
mation of the right renal parenchyma with direct extension 
to the right perinephric space and right perinephric fascia 
(arrowhead). Strong enhancement of walls of the 
right renal dilated calyces and right ureter (arrow) is 
depicted. 
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Case 16 
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Fig. 2.21 


Computed tomography (CT) shows imaging findings in 
a female with right xanthogranulomatous pyelonephri- 
tis, abscess on the right psoas and iliopsoas muscles, 
and right ureteral calculus. Figure 2.21a, enhanced 
axial renal CT image shows enlarged right kidney with 
dilated calyces (arrow), right extrarenal inflammation 
(arrowhead), and no excretory function. Figure 2.21b, 
enhanced axial CT image at the right proximal ureteral 
level shows abnormal thickening and enhancement of 
the right proximal ureter (arrowhead) contiguous with 
a right psoas abscess (arrow). Figure 2.21c, enhanced 
axial CT image at pelvic cavity level shows a right mid- 
dle ureteral calculus (arrowhead) and abscess on the 
right iliopsoas muscle (arrow). Xanthogranulomatous 
pyelonephritis of the right kidney, chronic inflamma- 
tion and calculus of the right ureter, and abscess on the 
right psoas and iliopsoas muscles are confirmed by his- 
tological examination of surgical specimens. 


Key Diagnostic Features 


Xanthogranulomatous pyelonephritis (XGN) is one kind of 
chronic granulomatous inflammation, which has histological 


evidence of lipid-laden macrophage in the kidney. Recurrent 
and chronic bacterial infection of the urinary tract is related 
with the development of XGN. XGN is more common in 
females than in males. XGN is categorized into diffuse and 
focal forms. Computed tomography (CT) is the most useful 
and commonly used imaging modality for diagnosing XGN 
and illustrating its extent. Typical diffuse XGN shows renal 
staghorn stone or a central calculus, enlarged kidney, poor 
or no excretory function of the involved kidney, and 
hypodense areas surrounding the calculus representing 
inflammatory change of the renal parenchyma or pelvicaly- 
ceal system as well as extrarenal spread of inflammation on 
CT. Severe progression of XGN may result in psoas abscess 
and even fistula formation to adjacent organs, most com- 
monly to the colon. Diffuse XGN presenting with typical 
imaging findings on CT may lead to a correct diagnosis pre- 
operatively. On the other hand, XGN has a wide range of 
imaging findings, which are atypical and nonspecific for 
diagnosis. XGN could involve not the whole kidney but 
only a part of the kidney, which is called a focal form. XGN 
could have atypical imaging findings as no urinary calculus 
or renal atrophy. Rarely, XGN could show air or debris 
in the collecting system, which is difficult to differenti- 
ate from emphysematous pyelitis and pyonephrosis, 
respectively. 
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2.10 Renal Actinomycosis 


Case 17 


e^ 
T 


Fig. 2.22 


Computed tomography (CT) images show imaging 
findings of a patient with renal actinomycosis. 
Figure , axial enhanced renal CT image shows 
right hydronephrosis with an enhancing wall, sugges- 
tive of pyonephrosis. There is small abscess (white 
arrowhead) of the right kidney. The right perinephric 
fascia (black arrowhead) is thickened. Figure 2b, 
axial enhanced renal CT image shows right pyonephro- 
sis and small abscesses (white arrowheads) with strand- 
ings (black arrowheads) in the right perinephric space. 
Note a percutaneous nephrostomy (black arrow) in the 
right renal pelvis. Figure , axial enhanced renal 
CT image shows multiple renal calculi (white arrows) 
in the right pyonephrosis. There is a focal area showing 
acute pyelonephritis (white arrowhead). Thickening of 
the right perinephric fascia with stranding (black 
arrowheads) suggests inflammatory process. A part of 
percutaneous nephrostomy (black arrow) is shown in 
the right flank wall. Figure , axial enhanced renal 
CT image shows irregular and thickened wall of the 
right renal lower calyces, indicating severe infection. 
There is the presence of right perinephric fascia thick- 
ening and perinephric strandings (black arrowheads). 


Key Diagnostic Features 


Renal actinomycosis could present as acute pyelonephritis, 
pyonephrosis, renal abscess, or even renal masses mimick- 
ing neoplasms on computed tomography (CT) [4]. Renal 
actinomycosis is a rare infection, associated with diabetes 
mellitus, recurrent urinary tract infection, retained cathe- 
ters, and multiple interventions [4]. Renal actinomycosis 
could cross anatomical fascia to involve adjacent anatomi- 
cal structures or organs, and sinus tracts are sometimes 
formed. CT could demonstrate the extent of infection 
clearly and arouse the suspicion of renal actinomycosis 
with presence of associated conditions. However, the diag- 
nosis of renal actinomycosis needs to be confirmed by aspi- 
ration of abscess or histological examination of biopsy 
specimens. 
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2.11 Chronic Pyelonephritis Case 19 


Case 18 


Fig.2.24 
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Fig.2.23 


Enhanced computed tomography (CT) images show 
imaging features of chronic pyelonephritis. Figure : j 
axial enhanced CT image of excretory phase shows 
thinning of the renal parenchymal (arrow) overlying a 
dilated renal calyx (arrowhead) at the right renal upper 
pole. Figure b, axial enhanced CT image of excre- 
tory phase shows marked renal scarring (arrow) associ- 
ated with calyceal dilatation (arrowhead). 


Fig.2.25 


Excretory urography (EU) and computed tomography 
(CT) images show chronic pyelonephritis and renal 
stones of a patient. Figure 2.24, EU at 10 min after con- 
trast medium administration shows calyceal dilatation 
(arrowhead) with parenchymal scarring (arrow) at right 
renal lower pole. Figure 2.25a, enhanced coronal CT 
image of excretory phase shows clubbed appearances of 
lower calyces (arrowheads) with overlying parenchy- 
mal loss (arrows) at right renal lower pole. Figure 2.25b, 
unenhanced axial renal CT image shows a right renal 
stone (arrowhead) at middle calyx. There are other renal 
stones in the lower calyx (not shown). A depressed sur- 
face of the right renal parenchyma represents focal renal 
scarring (arrow). Figure 2.25c, enhanced axial renal CT 
image of excretory phase of wide window shows club- 
bing (arrowhead) of the right renal lower calyx associ- 
ated with focal renal scarring (arrow). 
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Case 20 


Fig. 2.26 


Fig. 2.27 


2.42 Pyelitis Glandularis 


Voiding cystourethrography (VCUG) and follow-up 
computed tomography (CT) of a child show vesicoure- 
teral reflux (VUR) and chronic pyelonephritis. 
Figure 2.26, VCUG shows a left VUR to the left renal 
collecting system with dilated appearance (arrow). 
Figure 2.27, enhanced axial CT shows dilatation of the 
left renal calyx (arrowhead) with diminished thickness 
of the overlying renal parenchyma (arrow). 


Key Diagnostic Features 


Chronic pyelonephritis is diagnosed on images by depiction 
of both dilated renal calyces and decreased thickness of the 
overlying renal parenchyma. In children, chronic pyelone- 
phritis is most commonly associated with vesicoureteral 
reflux (VUR). The most common sites of chronic pyelone- 
phritis are the upper and lower calyces because of their com- 
mon anatomical structures of compound calyces. In adults, 
findings of chronic pyelonephritis could reflect the sequelae 
of VUR in early childhood or renal scarring from renal 
calculi. 


Main Differential Diagnoses 


1. Renal scarring by renal infarcts 
Renal infarcts cause renal parenchymal scarring at the 
infarcted renal areas. Nonetheless, there is absence of 
dilatation of adjoining calyces. 
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2.12 Pyelitis Glandularis 


Case 21 


Fig. 2.28 


Fig. 2.29 


Fig.2.30 


Retrograde pyelography (RP), excretory urography (EU), 
and magnetic resonance imaging (MRI) show imaging 
findings of a patient with pyelitis glandularis. Figure 2.28, 
RP shows a filling defect (arrow) with lobulated surface 
in the lower part of the right renal pelvis. The right renal 
lower infundibulum and lower calyx are not opacified by 
a contrast medium. Figure 2.29, magnification view of 
the EU of both kidneys at 10 min after contrast medium 
administration shows a filling defect (arrow) in the right 
renal lower calyx. Note that the right renal pelvis and 
lower infundibulum are not well opacified as well. 
Figure 2.30a, coronal renal T2-weighted image (T2WI) 
of MRI shows a mass (arrow) in the right renal lower 
infundibulum with resultant focal hydrocalicosis. 
Figure 2.30b, axial renal T1-weighted image (T1WI) of 
MRI shows a mass (arrow) being similar in signal inten- 
sity to that of normal renal cortex. Figure 2.30c, axial 
renal T1 fat-suppressed image (T1FS) of MRI with con- 
trast medium administration, at the same level in 
Fig. 2.30b, shows a mass (arrow) being less enhanced by 
contrast medium than that of renal cortex. The distinction 
of this mass and the adjacent dilated calyx becomes more 
evident after contrast medium administration. 
Figure 2.30d, axial renal T1FS of MRI, at 0.6 cm superior 
to the level of Fig. 2.30c, shows a mass (arrow) extending 
to the junction of the right renal pelvis. 
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Key Diagnostic Features 


Pyelitis glandularis has similar histological findings as that 
of cystitis glandularis but is found in the renal pelvis. Pyelitis 
glandularis is rarer than cystitis glandularis. It could appear 
as multiple small nodules of subepithelial locations through- 
out the renal pelvis or solitary nodule protruding into the 
renal pelvis lumen. Retrograde pyelography (RP), excretory 
urography (EU), or antegrade pyelography (AP) has better 
spatial resolution than that of computed tomography and 
magnetic resonance imaging in demonstrating multiple nod- 
ular lesions of subepithelial locations. Nonetheless, if pyeli- 
tis glandularis appears as a solitary mass, it is not possible to 
differentiate it from malignancy on images, and biopsy or 
resection of the mass is needed for establishing the histologi- 
cal diagnosis. 
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2.13 Tuberculosis of the Urinary Tract 


Case 22 


Excretory urography (EU) and enhanced computed tomog- 
raphy (CT) show multiple imaging features of renal and 
ureter tuberculosis (TB). Figure 2.31, EU shows faint opaci- 
fication of parenchymal TB cavities (arrowheads) of the left 
kidney. Dilatation of the left proximal ureter (arrow) is 
depicted. Figure 2.32a, axial enhanced CT image shows 


Fig.2.32 


dilatation of the left renal pelvis (arrow) and its communi- 
cation (arrowhead) with a parenchymal TB cavity. 
Figure 2.32b, enhanced CT image shows dilatation of the 
left proximal ureter (arrow). Figure 2.32c, enhanced CT 
image shows left distal ureteral stenosis with wall thicken- 
ing (arrowhead) and obvious periureteral stranding (arrow). 
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Case 23 


Fig. 2.33 


Fig. 2.34 


Excretory urography (EU) and computed tomography 
(CT) show multiple stricture sites of the left renal infun- 
dibulum and left ureter as well as abnormal renal calcifi- 
cations, suggestive of urinary tuberculosis (TB). 
Figure 2.33a, magnification view of the EU of the kidney 
region at 10 min after contrast medium administration 
shows multiple small calcifications (arrowheads) of the 
right kidney. There is no contrast opacification of the right 
renal pelvicalyceal system. Amputated infundibulum 
(arrow) at the left renal upper infundibulum is noted 
accompanied with nonopacification of the left renal upper 


calyx. Figure 2.33b, magnification view of the urinary 
bladder region shows a segmental narrowing of the left 
distal ureter (arrow) due to ureteral TB. Figure 2.34a, 
axial enhanced CT image shows dilated upper calyces 
(arrows) with several linear calcifications (arrowheads) 
on the walls. The right kidney is very small in size, having 
a cystic lesion. Figure 2.34b, axial enhanced CT, 2 cm 
caudal to Fig. 2.34a, shows a dilated renal calyx (arrow) 
with an adjacent focal scarring (arrowhead). There is a 
small calcification at the right renal lower pole. A double 
J catheter (black arrow) is inserted in the left urotract. 


2.43 Tuberculosis of the Urinary Tract 


Case 24 
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Fig.2.35 


Serial computed tomography (CT) images show imaging 
characteristics of renal tuberculosis (TB) and TB peritoni- 
tis. Unenhanced axial CT images show focal upper hydro- 
calicosis (white arrows, Fig, 2.35a) and hydronephrosis 
(white arrow, Fig. 2.35b), respectively. Small size of the 


right kidney with hydrocalicosis (white arrowheads, 
Fig. 2.3 ) is depicted as well. There are obvious peri- 
toneal thickening and strandings (black arrowheads) as 
well as a localized peritoneal fluid collection area (black 
arrows, Fig. 5d), consistent in TB peritonitis. 
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Case 25 
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Fig. 2.36 


Computed tomography (CT) images illustrate imaging 
features of renal tuberculosis (TB). Figure 2.36a, axial 
enhanced CT image at the right renal upper pole level 
shows hypodense areas of wedge shapes (arrowheads) 
on the right kidney. Figure 2.36b, axial enhanced CT 
image at the right renal lower pole shows focal hydro- 
calicosis (arrow) of the right renal lower calyx. The 
patient has a history of left nephrectomy. 


Key Diagnostic Features 


Tuberculosis (TB) of the urinary tract has a wide spectrum of 
imaging findings, depending on the involved organs, acute or 
chronic infection, ipsilateral renal function, and the image 
modality used [5]. In most instances, each imaging finding 
of urinary TB is nonspecific and has a long list of differential 
diagnoses. However, nearly all urinary TB has multiple 
imaging findings, which could alert the readers for a correct 
diagnosis [6]. A systemic approach of urinary TB finding 
known as MATCHES may help readers to identify all possi- 
ble imaging findings related to urinary TB. In the MATCHES 
diagnostic system, “M” stands for multiple findings, multiple 


site involvement, parenchymal mass by TB granulomas, and 
moth-eaten calyx or ureter; “A” stands for autonephrectomy, 
amputated infundibulum, and anatomical distortion; “T” 
stands for thickened wall of the renal pelvicalyceal system, 
ureter, and urinary bladder; “C” stands for calcifications of 
renal parenchyma, renal pelvicalyceal system wall, ureteral 
wall, and urinary bladder wall as well as papillary or paren- 
chymal TB cavities; “H” stands for hydrocalicosis, hydrone- 
phrosis, and hydroureter by strictures depending on the 
involved sites; ^E" stands for extra-urinary TB findings, such 
as lung TB, TB peritonitis, TB meningitis, TB spine, etc.; 
and “S” stands for striated nephrogram, parenchymal scar- 
ring, as well as strictures of the renal pelvicalyceal system 
and ureter [6]. For example, a patient has striated nephro- 
gram on enhanced computed tomography (CT) or magnetic 
resonance imaging (MRI). An impression of acute pyelone- 
phritis would be usually made. However, if the imaging find- 
ing of striated nephrogram is associated with hydrocalicosis 
and there is absence of stone or mass lesion to account for 
obstruction, then renal TB is more likely than acute pyelone- 
phritis because renal TB is associated with infundibular ste- 
nosis and hydrocalicosis rather than acute pyelonephritis. By 
matching the imaging findings with MATCHES, multiple 
matches would suggest a high probability of urinary TB and 
aid in its early diagnosis. 
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2.14 Renal Tuberculosis 


Case 26 


Excretory urography (EU) and enhanced computed 
tomography illustrate imaging characteristics of renal 
tuberculosis (TB), including amputated infundibulum, 
phantom calyx, focal hydrocalicosis, TB granulomas, 
and striated nephrogram. Figure 2.37, EU shows a 
cutting-off appearance of the opacified left renal upper 
infundibulum (arrow), which is called amputated 
infundibulum. There is no contrast opacification of 
the corresponding left upper calyces (i.e., phantom 
calyx). Figure 2.38a, axial enhanced CT of the left 
renal upper pole level shows severe dilatation of the 
left renal upper calyx (arrow) without contrast 
medium opacification. Several small TB granulomas 
present as small hypodense nodules (arrowheads). 
Figure 2.38b, axial enhanced CT of the junction of the 
left renal upper pole and midportion shows several 
dilated and nonopacified left renal calyces (arrow- 
heads). A lymph node (arrow) adjacent to the left kid- 
ney is depicted. Figure 2.38, axial enhanced CT of the 
left renal midportion level shows stripes or wedge 
shapes of hypodense areas (arrowheads) of the left 
kidney as striated nephrogram. Para-aortic lymph 
nodes (arrows) are depicted. 
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Case 27 Case 28 


Fig. 2.40 


Renal ultrasound (US) and enhanced computed tomog- 
raphy illustrate uneven hydrocalicosis due to infundibu- 
lar stenosis of multiple sites and contracted renal pelvis 
by renal tuberculosis (TB). Figure 2.40, renal US shows 
multiple dilated calyces (white arrows) of variable sizes 
of the right kidney. Figure 2.41, enhanced CT images at 
the right renal upper pole (Fig. 2.41a), junction of the 
right renal pole and midportion (Fig. 2.41b), and the 
right renal midportion (Fig. 2.41c) levels show variable 
degrees of hydrocalicosis (white arrows) of the right 
kidney. The right renal upper calyx in Fig. 2.41a is more 
dilated than other calyces. Minimal contrast opacifica- 
tion (white arrowhead) is noted in the dependent part of 
a dilated calyx. The right renal pelvis (black arrow- 
heads) is contracted in appearance. 


Fig.2.39 


Excretory urography (EU) shows imaging features of 
the left renal tuberculosis (TB). Figure 2.39, EU shows 
a moth-eaten appearance (black arrows) of the left 
renal calyx. Multiple contrast medium pooling foci 
(black arrowheads) in the papillary areas are noted as 
papillary necrosis appearance. Note that the left renal 
upper calyx is not opacified by contrast medium at the 
left upper pole (white arrow). A focal stenotic site 
(white arrowhead) at the left renal pelvicalyceal junc- 
tion is shown. 
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Case 29 


Fig. 2.42 


Fig.2.43 


Plain radiograph of the kidney, ureter, and bladder 
(KUB) and computed tomography (CT) illustrated cal- 
cifications of lobar distribution by renal TB. Figure 2.42, 
KUB shows faint calcifications at the upper-lateral part 
of the right kidney. Figure 2.43, CT shows calcifica- 
tions in lobar distribution (white arrows) and a focal 
scarring (arrowhead) adjacent to the calcifications. 


Fig. 2.41 
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Case 30 Case 31 


Fig. 2.44 


Fig. 2.46 


Fig. 2.45 


Putty kidney, one pathognomonic finding of renal 
tuberculosis, is illustrated on plain radiograph of the 
kidney, ureter, and bladder (KUB and computed 
tomography (CT). Figure 2.44, KUB shows a totally 
calcified kidney with a preserved reniform. Figure 2.45, 
axial CT shows lobar pattern (white arrows) of left 
renal calcifications. Note compensatory hypertrophy 
of the right kidney (black arrow). 


Fig. 2.47 


2.4 Renal Tuberculosis 


Excretory urography (EU) shows calcifications of the 
renal pelvicalyceal system, contracted renal pelvis, 
and variable degrees of hydrocalicosis, suggestive of 
renal tuberculosis (TB). Figure 2.46a, magnification 
view of a baseline plain radiograph of the kidney, ure- 
ter, and bladder (KUB) shows linear or curvilinear cal- 
cifications (arrowheads) and a  teardrop-shaped 
calcification (arrow) of the right renal lower pole. 
Figure 2.46b, magnification view of the EU at 10 min 
after contrast medium administration shows small 
sizes of both renal pelves (arrowheads). Note the tear- 
drop-shaped calcification representing a calcified right 
renal lower calyx. The curvilinear and linear calcifica- 
tions are located in the wall of the right renal pelvicaly- 
ceal system. Figure 2.47, magnification view of a chest 
radiography shows fibrotic and calcified changes of the 
apical areas of both upper lobes of the lungs. 


Key Diagnostic Features 


Renal tuberculosis (TB) has a wide spectrum of imaging 
findings. Although each finding is usually nonspecific, rec- 
ognition of multiple findings compatible with renal TB is 
the key to make an early and correct diagnosis of renal 
TB. At early stage, moth-eaten calyces could be shown on 
excretory urography (EU), retrograde pyelography (RP), or 
antegrade pyelography (AP). They describe irregular pro- 
files of the calyces indicating active infection. On EU, RP, 
and AP, appearances of papillary necrosis reflect contrast 
medium opacification of papillary cavities when the necrotic 


79 


parts of TB granulomas slough off. At late stage of renal 
TB, calcification, fibrosis, stenosis, and renal parenchymal 
scarring are common findings. For detecting calcifications, 
computed tomography (CT) is more sensitive than plain 
radiographs of the kidney, ureter, and bladder [5, 6]. 
Calcification could occur in the renal parenchyma, renal 
collecting system, or both. Renal parenchymal calcifica- 
tions could be of linear, punctuate, curvilinear, or lobar 
distribution [5]. Calcifications of the renal collecting sys- 
tems could be found along the wall or filling in calyces and 
infundibula. When the whole kidney is calcified by renal 
TB, it is called putty kidney, which is regarded as a pathog- 
nomonic finding for renal TB. Amputated infundibulum 
shown on EU, RP, or AP represents severe infundibular ste- 
nosis by renal TB involvement. The obstruction at infun- 
dibular level results in dilatation and poor excretory function 
of the corresponding calyces at amputated infundibulum. 
Because there is contrast medium opacification of the non- 
functioning calyces, it is thus called phantom (i.e., ghost) 
calyx on EU. However, ultrasound, computed tomography, 
and magnetic resonance imaging are able to illustrate hydro- 
calicosis even in the absence of contrast medium opacifica- 
tion. Similarly, the renal pelvis could be of small size by 
contraction and fibrotic effect of renal TB, which is almost 
always accompanied with dilatation of all calyces. Although 
urinary TB comes from prior lung TB, the absence of lung 
TB evidence on plain radiographs of the chest could not 
exclude the possibility of urinary TB. In fact, there are only 
about 50 % of urinary TB patients showing evidence of lung 
TB on plain radiographs of the chest. Familiarity with the 
imaging spectrum of renal TB is the cornerstone for a cor- 
rect diagnosis. 
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2.15 Ureteral Tuberculosis 


Case 32 


Fig.2.48 


Excretory urography (EU), retrograde pyelography (RP), 
and enhanced computed tomography (CT) show imaging 
features of ureter tuberculosis (TB) on both ureters. 
Figure 2.48, EU at 10 min after contrast medium admin- 
istration shows two stricture sites (arrows) of the left 
urotract: one at the renal infundibulum and another at 
proximal ureter. Note nonopacification of the right renal 
pelvicalyceal system and right ureter on this 
EU. Figure 2.49, left RP shows left distal ureteral stric- 
ture (arrow) with proximal dilatation. Figure 2.50a, 
enhanced axial CT image illustrates dilatation (arrow) of 
the left ureter. Note wall thickening of the right ureter 
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Fig. 2.49 


(arrowhead) due to ureteral TB. Figure 2.50b, axial 
enhanced CT image, 1 cm caudal to Fig. 2.50a, shows 
wall thickening of the left ureter (arrow) by ureteral 
TB. Figure 2.50c, a coronal enhanced CT image shows 
wall thickening (arrowheads) of a long segment of the 
left proximal ureter in TB. Figure 2.50d, another coronal 
enhanced CT image shows right hydronephrosis (white 
arrow) due to ureteral TB. There is wall thickening of the 
right distal ureter (white arrowhead). Similarly, left 
hydronephrosis (black arrow) and left distal ureteral wall 
thickening (black arrowhead) simulating a soft tissue 
mass are depicted. 
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2.15 Ureteral Tuberculosis 


Fig. 2.50 
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Case 33 


Fig.2.51 
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Case 34 
Excretory urography (EU) shows calcified walls of 
the left ureter and left renal pelvicalyceal system due 
to chronic stage of urinary tuberculosis (TB). 
Figure 2.51a, baseline plain radiograph of the EU of 
the kidney, ureter, and bladder (KUB) before con- 
trast medium administration shows wall calcifica- 
tions at the left proximal ureter (black arrow) and 
distal ureter (black arrowhead) as well as the left 
renal pelvicalyceal system (white arrowheads). 
Figure 2.51b, EU at 90 min after contrast medium 
opacification shows opacification of the dilated left 
ureter and renal pelvicalyceal system. Figure 2.51c, 
magnification view of Fig. 2.51b at the left renal 
region shows calcified medial wall (arrow) at the left 
proximal ureter. 


Excretory urography (EU) shows multiple strictures of 
the left urotract by tuberculosis (TB) infection. 
Figure 2.52, EU at 10 min after contrast medium 
administration shows strictures at the left renal pelvis 
(black arrowhead) and ureterovesicular junction (U VJ) 
(black arrow). The dilated part of the left ureter 
between two stricture sites simulates a “purse string" 
in appearance. Note the amputated infundibulum at the 
left upper infundibulum (white arrowhead). 
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Key Diagnostic Features 


Ureter tuberculosis (TB) has a variety of imaging findings 
depending on acute or chronic stage of infection, the use of 
imaging modality, and excretory function of the ipsilateral 
kidney. The ureter infected by TB could be nonopacified on 
excretory urography (EU) due to concurrent renal TB. The 
use of antegrade pyelography (AP), retrograde pyelography 
(RP), computed tomography (CT), and magnetic resonance 
imaging (MRI) allows visualization of ureteral appear- 
ance on images regardless of renal excretory function. Of 
acute stage, ureter infected by TB has an irregular appear- 
ance reflecting acute inflammation and infection on RP and 
AP. On CT and MRI, abnormal wall thickening is a common 
finding of acute infection, which is usually accompanied by 
periureteral strandings and dirty fat as well. Occasionally, 
severe concentric wall thickening in ureteral TB could mimic 
a soft tissue mass lesion, which makes differentiation from 
urothelial carcinomas necessary. Of chronic infection, ure- 
teral TB leads to variable degrees of fibrosis or calcifica- 
tions. Ureteral fibrosis often leads to ureteral strictures and 
involves variable lengths of the ureter. Ureteral stricture by 
TB is most commonly seen in the ureterovesicular junc- 
tion (UVJ), followed by the ureteropelvic junction (UPJ); 
however, it could also occur at any sites of the ureter [5]. 
Multiple ureteral strictures are a characteristic imaging find- 
ing of ureteral TB, which are evidenced by variable degrees 
of obstruction and proximal dilatation. If ureteral strictures 
involve a proximal site at the renal pelvis or UPJ and a dis- 
tal site at the UVJ, a so-called purse string sign is depicted 
on images. If the whole ureter becomes fibrotic, it forms a 
“pipe-stem” appearance by rigidity and no peristalsis on 
images. Calcifications are also occasionally noted in the 
ureteral wall. Because the calcifications involve the wall and 
not the lumen, contrast medium opacification of the calcified 
segment of the ureter could still be seen on EU if there is suf- 
ficient excretory function of the ipsilateral kidney. Similar to 
renal TB, the key to diagnose ureteral TB relies on the famil- 
iarity and knowledge of its imaging spectrum. 
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2.16 Urinary Bladder Tuberculosis 


Case 35 


Fig.2.53 


Computed tomography (CT) shows imaging features 
of bladder tuberculosis (TB). Axial unenhanced CT 
image (Fig. 2.53a), enhanced CT image (Fig. 2.53b), 
and excretory phase CT image (Fig. 2.53c) show wall 
thickening (white arrows) of the urinary bladder. The 
thickened walls are smooth in appearance. There are 
no papillary or wide-based nodules shown from the 
thickened wall. 
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Case 2 Case 36 


Fig. 2.54 


Fig. 2.56 


IAS Magnetic resonance imaging (MRI) shows bladder 

tuberculosis (TB) with retraction of the left distal ureter. 

MRI on T2-weighted image (Fig. 2.56a) and enhanced 

Excretory urography (EU) and computed tomography T1 fat-suppressed image (Fig. 2.56b) shows diffuse wall 

(CT) show typical spastic bladder appearance by blad- thickening (arrows). The most distal part of the left ure- 

der tuberculosis (TB). Figure 2.54, magnification view ter (arrowheads) is retracted to the midline of the poste- 

of the EU of the urinary bladder region at 30 min after rior wall of the urinary bladder by retraction of fibrosis. 

contrast medium administration shows a small and The dilated appearance of the left distal ureter resulted 
spastic bladder with a diffusely thickened wall (arrow- from an obstruction at the ureterovesicular junction. 


heads). There is dilatation of the left distal ureter 
(arrow) due to obstruction. Figure 2.55, axial enhanced 
CT image shows a spastic bladder presenting a limited 
width (right wall to left wall distance) due to impaired 
distension caused by fibrosis. The urinary bladder wall 
is smooth but diffusely thickened (arrows). 
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Key Diagnostic Features 2.17 Emphysematous Cystitis 


Bladder tuberculosis (TB) typical has a thickened but Case 37 
smooth wall of the urinary bladder [5]. At chronic stage, the 
urinary bladder loses its compliance and has a spastic 
bladder by fibrosis. A spastic bladder usually has a narrower 
width than that of its length (i.e., the diameter of the anterior 
wall to the posterior wall). On EU or cystography, a small 
round or oval bladder is typically identified, which could not 
have an increased volume over time. In the presence of 
severe fibrosis due to bladder TB, anatomical change of 
adjacent structures by retraction effect and obstruction by 
stricture effect could occur. This anatomical disorganization 
picture shown on images is highly suggestive of the pres- 
ence of TB unless there are other evidences of prior surgery. 
A small bladder without normal distension ability over time 
associated with an unusual anatomical change and obstruc- 
tion on images should alert the readers of the high probabil- Fig. 2.57 
ity of a bladder TB. 


Plain radiograph of the kidney, ureter, and bladder 
(KUB) and unenhanced computed tomography (CT) 
show a typical imaging sign of emphysematous cystitis. 
Figure 2.57, magnification view of the KUB shows 
abnormal air density (arrows) surrounding the dis- 
tended urinary bladder. There are additional free air 
collection (arrowheads) in the pelvic floor and right 
pelvic cavity. Figure 2.58a, magnification view of the 
urinary bladder of sagittal scan of CT scout image 
shows abnormal air in superior, inferior, anterior, and 
posterior walls of the urinary bladder. There is also an 
abnormal extraperitoneal free air collection (arrow- 
heads) at the anterior pelvic cavity. Figure 2.58b, axial 
CT image at upper urinary bladder level using a wide 
window shows abnormal air confined in the anterior, 
posterior, right lateral, and left lateral walls of the uri- 
nary bladder, suggestive of emphysematous cystitis. 
Abnormal extraperitoneal free air collection is depicted 
at the right anterior pelvic cavity. Figure 2.58c, axial 
CT image at middle urinary bladder level using a wide 
window shows emphysematous cystitis (arrows) as 
well as extensive extraperitoneal free air collection 
(arrowheads) at anterior and lateral pelvic cavity as 
well as right proximal thigh. 
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Fig. 2.59 


Computed tomography (CT) shows imaging findings 
of emphysematous cystitis. Figure , CT scout 
image shows air density (arrowhead) arranged in an 
oval shape of lower pelvic cavity. Figure Ob, 
enhanced axial CT image shows air collection (arrow- 
head) in the wall of the urinary bladder, consistent 
with emphysematous cystitis. 


Fig. 2.58 
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Key Diagnostic Features 


Emphysematous cystitis is diagnosed on images by depiction 
of air density in the wall of the urinary bladder. Emphysematous 
cystitis is most commonly found in patients with diabetes 
mellitus or immunocompromised status. The infection under- 
lying emphysematous cystitis is most often caused by E. coli. 
Sometimes, emphysematous cystitis could spread to the adja- 
cent areas. Plain radiograph of the kidney, ureter, and bladder 
(KUB) or the pelvic cavity could diagnose emphysematous 
cystitis by identifying the typical finding of air surrounding 
and conforming to the bladder shape. Computed tomography 
(CT) of wide window is better than CT of soft tissue window 
in confirming the air location within the bladder walls and 
differentiating air from the perivesicular fat. 


Main Differential Diagnoses 


1. Pneumocystitis (gas in the urinary bladder lumen) 

Gas in the urinary bladder lumen comes usually from 
prior instrumentation, prior catheterization, or fistula 
between the urinary bladder and the bowel loop or occa- 
sionally from gas-producing infection as well. Gas in the 
urinary bladder does not conform to and outline the blad- 
der shape. Instead, if the urinary bladder lumen is totally 
filled, an oval or round air collection of the urinary blad- 
der is depicted on images (Fig. 2.61a). If the urinary blad- 
der is filled with a large amount of air mixed with urine, 
an air-fluid layering may be demonstrated on images with 
air in its nondependent part. If the air in the urinary blad- 
der is of small amount, KUB is usually not possible to 
detect its presence. Instead, CT could clearly depict the 
presence of air, even of small amount. Furthermore, CT 
could localize the gas location in the lumen rather than 
the wall of the urinary bladder. 
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2.18 Pneumocystitis (Gas in the Bladder 
Lumen) 


Case 39 


Fig. 2.60 


Unenhanced computed tomography (CT) shows 
imaging findings of pneumocystitis. Figure 2.60a, 
coronal unenhanced CT image shows a small air 
bubble (arrow) in the left urinary bladder cavity. 
Figure 2.60b, axial unenhanced CT image shows a 
small air bubble (arrow) anterior to the inserted 
Foley catheter (arrow) in the urinary bladder. There 
is no evidence of colovesical fistula on CT and 
other images as well as absence of associated symp- 
toms and signs of colovesical fistula in this patient. 
Introduction of a small amount of air during Foley 
catheterization is thus emphasized. 
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Case 40 


Fig. 2.61 


Key Diagnostic Features 


Pneumocystitis means gas in the urinary bladder. Computed 
tomography (CT) is more sensitive than plain radiographs 
for detecting abnormal air. A variety of causes could show 
a finding of gas in the urinary bladder lumen. Air introduc- 
tion during the procedures of instrumentation or interven- 
tion such as cystoscopy, Foley catheter insertion, and 
suprapubic cystostomy is the most common cause of this 
appearance, which is usually an incidental finding on 
CT. On the other hand, abnormal fistula between the uri- 
nary bladder and the adjacent organs may also appear as 
abnormal gas in the urinary bladder. The most common fis- 
tula of the urinary bladder and adjacent organs is colovesi- 
cal fistula due to colon diverticulitis or colon cancer. 
Therefore, when abnormal gas is recognized on CT, a care- 
ful evaluation of the presence or absence of colon lesions 
should be done. Occasionally, gas-producing infection of 
the urinary bladder may show abnormal air collection in the 
urinary bladder lumen, too. 


Cystography and unenhanced computed tomography 
(CT) show imaging findings of pneumocystitis in a 
patient with colovesical fistula by colon cancer of 
advanced stage. Figure 2.61a, baseline image of cys- 
tography shows air density in the urinary bladder 
(arrow). Figure 2.61b, cystography using Foley cathe- 
terization (arrowhead) for contrast medium instillation 
shows abnormal opacification of the sigmoid colon 
suggestive of colovesical fistula. There is sigmoid 
colon tumor (arrow) presenting with a shouldering 
sign. Figure 2.62, unenhanced CT image shows air- 
fluid layering (arrow) in the urinary bladder with air in 
the nondependent portion. Note Foley catheter is 
inserted in the urinary bladder (arrowhead). This 
patient complains of fecaluria and there is abnormal 
wall thickening of the sigmoid colon (not shown). 


Main Differential Diagnoses 


1. Emphysematous cystitis 

Emphysematous cystitis is diagnosed on images by pres- 
ence of gas in the wall of the urinary bladder regardless 
of the presence or absence of gas in the lumen of the 
urinary bladder or not. Thus, if there is presence of gas in 
the urinary bladder lumen alone on images, pneumocys- 
titis should be diagnosed and not emphysematous 
cystitis. 
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2.19 Cystitis Cystica and Cystitis Glandularis Case 42 


Case 41 


Fig. 2.63 


Excretory urography (EU) shows typical imaging fea- 
tures of cystitis cystica. Figure 2.63a, magnification 
view of the urinary bladder of EU at 10 min after con- 
trast medium administration shows numerous cobble- 
stone-appearing nodules (arrow) of the urinary 
bladder. Note the thick wall of the urinary bladder as 
the distance between the outer profile (arrowhead) 
and the opacified lumen. Figure 2.63b, magnification 
of the urinary bladder in oblique view shows multiple 
nodular protrusions of the posterior and inferior walls 
of the urinary bladder. Bladder biopsy shows histo- 
logical evidence of cystitis cystica. 


Fig. 2.64 


Computed tomography (CT) images show imaging find- 
ings of a patient with cystitis glandularis. Figure 2.64a, 
coronal enhanced CT image of excretory phase at the 
symphysis pubis level shows diffuse wall thickening 
(arrow) of the urinary bladder. Figure ), coronal 
enhanced CT image at the femoral head level shows dif- 
fuse and irregular wall thickening (arrow) with focal 
protruding nodule (arrowhead) of the urinary bladder. 


2.20 Interstitial Cystitis 
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Key Diagnostic Features 


Both cystitis cystica and cystitis glandularis are associated 
with chronic urinary tract infection [7]. In both condi- 
tions, hyperplastic Brunn's nests occur in the subepithe- 
lial area of the bladder wall; however, it is often reversible. 
If Brunn's nests undergo cystic metaplasia, it is named as 
cystitis cystica, and if they undergo glandular metaplasia, 
it is named cystitis glandularis. Cystitis cystica and cysti- 
tis glandularis of the urinary bladder could appear as soli- 
tary or multiple mass lesions of variable sizes on images 
[7]. On EU, multiple small round or oval masses simulat- 
ing cobblestone appearances of the urinary bladder is a 
characteristic finding, suggestive of cystitis cystica or cys- 
titis glandularis. This picture could be explained by sub- 
epithelial locations of hypertrophic Brunn's nests. On CT, 
they could appear as a focal or diffuse bladder wall thick- 
ening or protruding mass lesions. If protruding mass 
lesions are depicted on CT, it could not be distinguished 
as bladder tumors, and bladder biopsy is necessary for 
establishing the histological diagnosis. However, on MRI, 
intact muscle layer of the urinary bladder in the presence 
of a hypervascular polypoid bladder mass favors the diag- 
nosis of cystitis cystica or glandularis. 


2.20 Interstitial Cystitis 


Case 43 


Fig. 2.65 


Fig. 2.66 


Fig. 2.67 


Excretory urography (EU), bladder ultrasound (US), 
and computed tomography (CT) images show imaging 
features of interstitial cystitis. Figure 2.65, EU at 
60 min after contrast medium administration shows a 
poorly distended urinary bladder (arrow) with bilateral 
hydronephrosis and hydroureter. Figure 2.66, bladder 
US shows a small urinary bladder (arrow). Figure 2.672, 
unenhanced axial CT image shows a urinary bladder 
with small size (arrow). Figure 2.67b, enhanced axial 
CT image shows abnormal enhancement of the urinary 
bladder wall (arrow) with dirty perivesical fat. Note 
that bilateral distal ureters are dilated. Figure 2.67c, 
coronal enhanced CT image at the urinary bladder 
level shows thickened wall of a small urinary bladder 
(arrow) with irregular inner surface (arrowheads). 
Figure , coronal enhanced CT image at the kid- 
ney level shows bilateral hydronephrosis. 
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Key Diagnostic Features 


Interstitial cystitis occurs mainly in female patients, which is 
characterized by severe urinary urgency and frequency, supra- 
pubic or chronic pelvic pain, and negative urine culture [8]. 
The diagnosis of interstitial cystitis is usually based on cys- 
toscopy findings [8]. Most patients with interstitial cystitis do 
not have bladder ulcerations [8]. However, some interstitial 
cystitis patients with severe bladder ulcers may have a small 
bladder by subsequent fibrosis [8]. Therefore, this type of 
interstitial cystitis shows a small and poor distended bladder 
on EU. On CT, it appears as a small-sized urinary bladder 
with abnormally thickened wall. As there is ulceration of the 
urinary bladder wall in interstitial cystitis, irregular inner sur- 
face of the wall on CT may be depicted representing ulcer- 
ations. Fibrosis and poor compliance of the urinary bladder 
could raise intravesical pressure, which causes vesicoureteral 
reflux or bilateral hydronephrosis. 
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2.21 Polypoid Cystitis 


Case 44 


Fig.2.68 


Key Diagnostic Features 


Polypoid cystitis results from hyperplasia of normal uro- 
thelial epithelium into a polypoid shape, which is related 
with recurrent urinary tract infection. On images, polypoid 
cystitis appears as a polypoid mass protruding into the uri- 
nary bladder. Thus, it is difficult to distinguish polypoid 
cystitis from urothelial carcinoma with polypoid growth. 
Cystoscopy with biopsy is usually necessary to establish 
the diagnosis of polypoid cystitis and make a distinction 
from malignancy. 


Fig.2.69 


Excretory urography (EU) shows an imaging finding 
of polypoid cystitis. Figure 2.68a, magnification view 
of the EU of the urinary bladder at 5 min after contrast 
medium administration shows a filling defect of the 
right urinary bladder. Figure 2.68b, magnification view 
of the EU of the urinary bladder 10 min after contrast 
medium administration by the left posterior oblique 
projection shows polypoid-shaped filling defect 
(arrows) in the posterior part of the urinary bladder. 
Figure 2.69, cystoscopy shows a polypoid mass 
(arrow) with smooth surface in the urinary bladder. 


2.22 Inflammatory Myofibroblastic Tumor 


(Inflammatory Pseudotumor) 
of the Urinary Bladder 


Case 45 


Fig. 2.70 


Computed tomography (CT) shows an inflammatory 
pseudotumor of the urinary bladder in a 13-year-old 
girl. Figure 2.70a, unenhanced axial CT image shows a 
mass lesion (arrow) at the anterior wall protruding into 
the urinary bladder. Figure 2.70b, enhanced axial CT 
image at arterial phase shows the mass (arrow) with 
mild stronger enhancement than normal bladder wall. 
Figure Jc, enhanced axial CT of excretory phase 
shows more conspicuous wide base appearance of the 
mass (arrow) with thickening of contiguous bladder 
wall. Figure Od, enhanced sagittal CT of arterial 
phase shows the mass (arrow) involving the upper half 
of the anterior wall of the urinary bladder. There is 
clear fat density of anterior perivesical area adjacent to 
the bladder mass. Histological examination of trans- 
urethral resection of the bladder tumor (TURBT) 
shows evidence of inflammatory myofibroblastic 
tumor (IMT). After TURBT and further treatment of 
steroids, the patient has no more visible bladder mass 
on follow-up CT images and cystoscopy | year later. 
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Key Diagnostic Features 


Inflammatory myofibroblastic tumor (IMT) of the urinary 
bladder is rare, which is also called inflammatory pseudotu- 
mor in the literature [9]. IMT of the urinary bladder may 
occur at any age; however, half of them reported in the lit- 
erature are teenagers (aged 11—20 years) [10]. On CT, blad- 
der IMT typically shows a sessile tumor (i.e., a tumor with 
wide base) with wall thickening [11]. Nonetheless, IMT is 
difficult to distinguish from other bladder neoplasms on CT 
[11]. On the other hand, the presence of a bladder tumor 
with such an imaging finding in teenagers may alert the 
readers to take IMT into the differential diagnosis, since 
urothelial carcinomas of the bladder usually occur in adults 
of old age. A histological examination is necessary for con- 
firmation of the diagnosis of bladder IMT, since cystoscopy 
could not confidently differentiate it from other bladder 
tumors as well. 
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Renal Cystic Disease 


3.1 Renal Simple Cyst: Bosniak's 
Category I 


Case 1 


Fig. 3.1 


L.-J. Wang, Key Diagnostic Features in Uroradiology: A Case-Based Guide, 


Renal ultrasound (US) and computed tomography (CT) 
show imaging features of a renal simple cyst. Figure 3.1, 
right renal US shows an anechoic mass (arrow) with 
smooth wall and posterior enhancement (arrowhead), 
compatible with a simple cyst. Figure 3.2a, axial unen- 
hanced CT image shows a low-density lesion of water 
density (arrow) at the right kidney. Figure 3.2b, axial 
enhanced CT image at corticomedullary phase shows 
no contrast enhancement of this cystic lesion (arrow) 
which has no discernible wall. Figure 3.2c, axial 
enhanced CT image at excretory phase shows absence 
of enhancement and calcification of this cystic lesion 
(arrow). Figure 3.2d, coronal enhanced CT image at 
excretory phase shows a well-defined appearance of 
this cystic lesion (arrow) without enhancement. 
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3 Renal Cystic Disease 


Key Diagnostic Features 


Renal simple cysts are diagnosed by imaging appearances of 
a cystic lesion with no wall or very thin wall, no internal 
enhancement, no septum, and no calcifications. A cystic 
lesion means a lesion with water content. Therefore, renal 
cysts present as anechoic masses on ultrasound. On computed 
tomography (CT), renal cysts appear with a water density of 


0-20 Hounsfield units. On magnetic resonance imaging 
(MRI), cystic lesions show low signal intensity on 
Tl-weighted images (TIWI) and high signal intensity on 
T2-weighted images (T2WI). Renal simple cysts show no 
contrast medium enhancementon either CT or MRI. According 
to renal cystic masses proposed by Bosniak, renal simple 
cysts are category I lesions, which are virtually all benign and 
have no need of further studies or follow-up [1]. 
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3.2 Renal Cystic Masses of Bosniak's 
Category Il 


Case 2 


Rigas Renal computed tomography (CT) and magnetic 


Renal computed tomography (CT) shows imaging fea- 
tures of a Bosniak II cystic mass with thin septum. 
Figure 3.3a, unenhanced axial CT image shows a 
lesion of low density (relative to water density) at the 
right kidney with barely seen septa. Figure 3.3b, 
enhanced axial CT image shows a cystic lesion having 
a hair-thin septum (arrowhead). A right renal cyst of 
Bosniak’s category II is considered on CT. 


resonance imaging (MRI) show an imaging finding of 
a Bosniak II cystic mass with thin calcifications. 
Unenhanced axial renal CT images (Fig. 3.4a, b) show 
pencil-thin calcifications (arrowheads) at medial 
(Fig. 3.4a) and lateral walls (Fig. 3.4b) of a right renal 
cyst at lower pole, respectively. Unenhanced axial T1 
fat-suppressed (T1FS) image (Fig. 3.5a), unenhanced 
axial T2-weighted image (Fig. 3.5b), and enhanced 
coronal T1 fat-suppressed image (Fig. 3.5c) show this 
cystic lesion (arrows) having thin wall and no internal 
enhancement. However, the thin calcified foci could 
not be recognized on MRI. A renal cyst of Bosniak's 
category II is considered based on CT findings. 
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Fig.3.5 


3.2 Renal Cystic Masses of Bosniak's Category Il 


Case4 


Renal computed tomography (CT) shows imaging 
findings of a Bosniak II cystic mass with hemorrhage. 
Unenhanced axial renal CT image (Fig. 3.6a) shows a 
small hemorrhagic nodule (arrowhead) with the left 
kidney of exophytic appearance. Enhanced axial image 
of corticomedullary phase (Fig. 3.6b), enhanced axial 
CT image of excretory phase (Fig. 3.6c), and enhanced 
coronal CT image of excretory phase (Fig. 3.6) show 
no contrast enhancement of this hemorrhagic nodule. 
A renal hemorrhagic cyst classified as Bosniak's cate- 
gory II is impressed on CT. 
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Key Diagnostic Features 


Renal cystic masses are categorized by their imaging appear- 
ances which help in the assessment of the probability of a benign 
or malignant nature as well as in selections for follow-up and 
treatment. This category system is based on imaging appear- 
ances on computed tomography (CT) [1, 2]. However, similar 
principles could be applied to magnetic resonance imaging [2]. 
On CT, Bosniak's category II cysts are characterized by the pres- 
ence of a thin septum and minimal or focally thickened calcifica- 
tion but with no measureable contrast enhancement [2]. A 
high-density cyst on unenhanced CT (higher than 20 Hounsfield 
units) without measurable enhancement and smaller than 3 cm 
or with exophytic growth is categorized as a Bosniak II cyst [2]. 
The majority of Bosniak II cysts are benign in nature. They do 
not require surgery and there is usually no need for a follow-up. 


102 3 Renal Cystic Disease 


3.3 Renal Cystic Masses of Bosniak’s IIF Case 6 
Category 


Case 5 


Right retrograde pyelography (RP) and renal computed 
tomography (CT) show a Bosniak IIF cystic mass with 
hemorrhage and calcifications in a patient with end- 
stage kidney disease. Figure 3.8, right RP shows a 
space-occupying lesion (arrow) with mass effect on 
the right renal pelvicalyceal system. Figure 3.9a, unen- 
hanced axial renal CT images show a right renal cystic 
lesion with central high-density area which is mea- 
sured as 65 Hounsfield units. Two small calcifications 
at the periphery of this lesion are noted. This lesion is 
measured as 6.0 cm in diameter. Figure 3.9b, enhanced 
axial renal CT image shows no contrast enhancement 
of this lesion. A hemorrhagic cyst of Bosniak's IIF cat- 
egory is impressed on CT, which is proved by subse- 
quent surgery. 


Fig. 3.7 


Renal computed tomography (CT) shows imaging fea- 
tures of a Bosniak IIF cystic mass. Unenhanced axial 
(Fig. 3.7a) and enhanced axial images of corticome- 
dullary phase (Fig. 3.7b) and enhanced axial image of 
excretory phase (Fig. 3.7c) show a low-density lesion 
(identical to water density) at the right kidney as a 
renal cystic mass. There is focally minimal thickening 
of its wall with smooth appearance (arrowheads), and 
a Bosniak IIF category cyst is considered. 


3.3 Renal Cystic Masses of Bosniak's IIF Category 


Fig.3.9 
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Key Diagnostic Features 


The F in Bosniak's IIF category emphasizes the need for 
follow-up in these lesions. Renal cystic masses of 
Bosniak's IIF category are characterized by mild but 
smooth thickening of the septum or wall, increased num- 
ber of septum, or thick and nodular calcifications [2]. A 
non-enhancing high-density cyst larger than 3 cm or of 
complete intrarenal location is also categorized as 
Bosniak's IIF lesion. About one-fourth of Bosniak's IIF 
lesions are malignant [3]. However, there is no consensus 
of the duration of their follow-up time [1]. 
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3.4 X Renal Cystic Masses of Bosniak's 
Category Ill 


Case 7 


Fig. 3.10 


Renal computed tomography (CT) and ultrasound 
show a Bosniak III cystic mass. Unenhanced axial 
(Fig. 3.10a) and enhanced axial images of excretory 
phase (Fig. 3.10b) on CT show a right renal cystic 
mass. Multiple septa with thickening and irregular 
appearances (arrowhead) in this cystic mass are shown 
after contrast medium administration. Figure 3.11 
Right renal ultrasound reveals a predominantly 
anechoic mass (arrow) with irregularly thickened septa 
(arrowhead) of the right kidney. This cystic mass is 
categorized as Bosniak III due to the presence of an 
irregular and thickened septa. 


Fig.3.11 
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Case 8 Case 9 


[NN 


Right computed tomography (CT) shows a Bosniak III 
cystic mass which proves to be a cystic renal cell 
carcinoma (RCC). Figure 3.12a, unenhanced axial CT 
image shows a cystic mass (arrow) of the right kidney. 
Figure 3.12b, enhanced axial CT image shows clear 
visualization of the septa in the right renal cystic mass 
after contrast medium enhancement. There is irregu- 
larly thickened wall (arrowhead) of this renal cystic 
mass, suggesting a Bosniak III cystic mass. Histological Fig. 3.13 
examination of left partial nephrectomy reveals a 

cystic RCC. 
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Key Diagnostic Features 


Renal cystic masses of Bosniak's III are indeterminate 
whether benign or malignant in nature on images [2]. On 
images, they are characterized by enhanced irregular thick- 
ening of the septa or wall or multiloculated appearance by a 
complex septa [1, 2]. About half of Bosniak III lesions are 
malignant tumors, such as cystic necrotic renal cell carci- 
noma (RCC), multilocular cystic RCC, and cystic papillary 
RCC [3]. Benign lesions such as multiloculated cysts, multi- 
loculated cystic nephroma, infected cyst, or abscess could 
appear as Bosniak III lesion on CT. Therefore, surgical 
exploration is the general principle for treating Bosniak III 
lesions. 


Fig. 3.14 


Renal computed tomography (CT) and ultrasound 
show a Bosniak III cystic mass, proved as a renal 
abscess. Unenhanced axial (Fig. 3.13a), enhanced axial 
(Fig. 3.13b), and enhanced coronal (Fig. 3.13c) CT 
images show a cystic mass with irregular and thickened 
wall of the right kidney. Note obvious right perinephric 
stranding adjacent to this renal cystic mass. Right renal 
ultrasound (Fig. 3.14) shows an echo-free mass with 
irregular wall (arrowhead) of the right kidney. A right 
renal cystic mass of Bosniak’s category III is classified 
by its picture and a right renal abscess is emphasized, 
which is subsequently supported by a positive result of 
bacteria in a urine culture. 


3.5 Renal Cystic Masses of Bosniak's Category IV 


3.5 Renal Cystic Masses of Bosniak's 
Category IV 


Case 10 
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Fig.3.15 


Renal computed tomography (CT) shows a Bosniak IV 
cystic mass, proved as cystic renal cell carcinoma (RCC). 
Unenhanced axial (Fig. 3.15a), enhanced axial 
(Fig. 3.15b), and enhanced coronal (Fig. 3.15c) CT 


images show a cystic mass (arrow) with obvious enhanc- 
ing soft tissue part of the right renal lower pole, sugges- 
tive of a Bosniak IV cystic mass. Cystic RCC is considered 
on CT. 
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Case 11 


Fig. 3.16 


Key Diagnostic Features 
Right computed tomography (CT) shows a renal cell 


carcinoma (RCC) appearing as a Bosniak IV cystic Renal cystic masses of Bosniak’s category IV suggest a 
mass. Figure 3.16a, unenhanced axial CT image clearly malignant neoplasm [1]. On images, they are charac- 
shows one cystic mass (arrow) at the right kidney and terized by one or more enhanced soft tissue parts in the cystic 
another (arrowhead) at the left kidney. Faint calcifica- mass, which are adjacent to or independent of the walls or 
tions of bilateral renal medullary papilla are depicted septa [1]. As Bosniak IV lesions are considered as malig- 
as well. Figure 3.16b, enhanced axial CT image of nancy, removal of the mass by surgery is necessary [1]. 


corticomedullary phase shows an enhancing solid part 
in the left renal cystic mass (arrowhead), representing 
a Bosniak IV lesion. The right renal cystic mass 
(arrow) shows a simple cyst appearance. Figure 3.16c, 
enhanced axial CT image of excretory phase shows 
persistent enhancement of the solid part of left renal 
Bosniak IV lesion, suggestive of a malignant neo- 
plasm as RCC. In contrast, no enhancing soft tissue 
part, no wall thickening, and no septa of the right renal 
cystic lesion suggest a Bosniak I lesion. The patient 
undergoes left radical nephrectomy, and histological 
examination of the left renal cystic lesion reveals an 
RCC having a cystic appearance with a solid part. 
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3.6 Renal Hemorrhagic Cysts 


Case 12 


Fig. 3.17 


Renal computed tomography (CT) and ultrasound (US) 101 Hounsfield units) at the medial part of the left renal 
show hemorrhagic cysts of the left kidney. Unenhanced midportion. Both renal hemorrhagic cysts have exophytic 
axial CT images (Fig. 3.17a, b) show one hemorrhagic appearances. Enhanced axial CT images (Fig. 3.17c, d) 
cyst (mean density: 79 Hounsfield units) at the left renal show no contrast enhancement of both hemorrhagic cysts 
upper pole and another hemorrhagic cyst (mean density: (arrow and arrowhead). 
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Fig. 3.18 


Renal computed tomography (CT) shows imaging 
findings of hemorrhagic cysts of both kidneys. 
Unenhanced renal axial CT image (Fig. 3.18a) shows a 
left hemorrhagic cyst with a layering appearance 
(arrowhead). The hematoma is in the dependent part 
of the left hemorrhagic cyst. Unenhanced renal axial 
image (Fig. 3.18b), 1 cm caudal to Fig. 3.18a, shows a 
hemorrhagic cyst (white arrow) at the right kidney. 
There is another hemorrhagic cyst (black arrow) at the 
left kidney. Both hemorrhagic cysts are confined in the 
kidneys. Both kidneys are enlarged with multiple 
cysts, consistent with polycystic kidney disease. 


Fig. 3.19 


Renal magnetic resonance imaging (MRI) shows 
imaging findings of a left renal hemorrhagic cyst. 
Unenhanced Tl-weighted image (Fig. 3.19a) and 
T2-weighted image (Fig. 3.19b) as well as enhanced 
T1 fat-suppressed image (Fig. 3.19c) show a hemor- 
rhagic cyst (arrowheads) with layering appearance of 
the left kidney. The hematoma of intracellular deoxy- 
hemoglobin stage in this hemorrhagic cyst appears 
having high signal intensity on T1-weighted image and 
low-signal intensity on T2-weighted image in its 
dependent part. 


3.6 Renal Hemorrhagic Cysts 
Key Diagnostic Features 


Renal cysts complicated with a hemorrhagic episode are 
common, especially in patients with autosomal dominant 
polycystic kidney disease (ADPKD). On computed tomog- 
raphy (CT), renal hemorrhagic cysts having acute hemato- 
mas is typically of high density (higher than 60 Hounsfield 
units) on unenhanced images with no additional enhance- 
ment after contrast medium enhancement. However, the 
density of hematomas in hemorrhagic cysts decreased over 
time on unenhanced CT image and shows no persistent 
contrast enhancement on enhanced CT images. Renal 
hemorrhagic cysts also appear as a cystic mass with fluid- 
fluid level, and the hematomas are in the dependent parts 
of the cysts. On magnetic resonance images, hematomas 
appear as a variety of signal intensities depending on its 
stages and pulse sequences. Hematomas of intracellular 
deoxyhemoglobin stage appear as having high signal 
intensity on Tl-weighted image (T1WI) and low signal 
intensity on T2-weighted image (T2WI). Hematomas of 
extracellular deoxyhemoglobin stage appear as having 
high signal intensities on both TIWI and T2WI. Chronic 
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hematomas of hemosiderin stage in renal hemorrhagic 
cysts show low signal intensity appearances on both TIWI 
and T2WI. Similar to CT, a cystic lesion with internal 
hemorrhage shows no enhancement after contrast adminis- 
tration, suggesting a hemorrhagic cyst rather than a 
hemorrhagic neoplasm. 


Main Differential Diagnosis 


1. Renal hemorrhagic neoplasms 

Some renal neoplasms such as renal angiomyolipomas 
and renal cell carcinomas are more prone to hemorrhage 
than renal neoplasms of other histological types. Renal 
hemorrhagic neoplasms could show similar densities or 
signal intensities as those of renal hemorrhagic cysts on 
CT and MRI, respectively. Nonetheless, the presence of 
one or more enhancing soft tissue nodules inside a renal 
hemorrhagic mass suggests the diagnosis of renal hemor- 
rhagic neoplasm. This finding also usually allows the dif- 
ferentiation of renal hemorrhagic neoplasms from renal 
hemorrhagic cysts. 
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3.7 Milk of Calcium Cyst 


Case 15 


Renal ultrasound (US) and computed tomography 
(CT) images show milk of calcium in a renal calyceal 
diverticulum. Figure 3.20, right renal US of longitudi- 
nal scan shows a lesion with a horizontal line (arrow) 
due to an interface between a hyperechoic part and 
another hypoechoic part at the right renal upper pole, 
suggestive of milk of calcium. Figure 3.21a, axial 
unenhanced CT at the renal upper pole level, with the 
patient in supine position, shows a layered appearance 
(arrowhead) with high-density calcification in the 
dependent portion of a lesion (arrow). Figure 3.21b, 
axial enhanced CT of excretory phase shows increased 
amount of high-density part of this lesion, suggesting a 
communication between the right renal collecting sys- 
tem and its location as a renal calyceal diverticulum. 
Figure 3.21c, coronal enhanced CT image shows high 
density on the dependent part of a right renal upper 
pole lesion (arrow) due to milk of calcium. 
Figure 3.21d, sagittal enhanced CT image of the right 
kidney shows high-density calcification in the poste- 
rior dependent part of this right renal upper pole lesion 
(arrow), consistent with milk of calcium. There is a 
fluid-calcification layering interface (white arrow- 
head) within this lesion. Note the opacification of con- 
trast medium (right arrowhead) in the right renal 
collecting system. 


Fig.3.21 
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Case 16 


Fig.3.22 


Computed tomography (CT) images show milk of cal- 
cium in left renal calyceal diverticulum. Figure 3.22a, 
unenhanced axial CT image of prone positioning 
shows dense calcification in the dependent part of a 
cystic lesion (arrow) of the left kidney, consistent with 
milk of calcium. Figure 3.22b, enhanced axial CT 
image of nephrogenic phase during prone positioning 
shows a similar appearance of milk of calcium (arrow) 
of the left kidney. Figure 3.22c, enhanced axial CT 
image of excretory phase during prone positioning 
shows contrast filling in the lesion (arrow), suggestive 
of a renal calyceal diverticulum. 


Key Diagnostic Features 


Milk of calcium is a suspension of calcified materials in 
fluid. The calcified materials usually accumulate in the 
dependent part and thus form an interface between calcifica- 
tion and fluid. Thus, milk of calcium is diagnosed by dense 
calcification in the dependent portion with a layering appear- 
ance on renal ultrasound, computed tomography, or standing 
film of plain radiography of the kidney, ureter, and bladder 
(KUB) [4, 5]. Milk of calcium is most commonly seen in 
calyceal diverticulum, which could be confirmed by contrast 
medium opacification due to its communication with the 
renal collecting system. 
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3.8 Renal Infected Cyst 


Case 17 


Fig. 3.23 


Renal computed tomography (CT) shows an infected cyst ing mild wall thickening. Obvious thickening of the left 
of the left kidney. Unenhanced axial (Fig. 3.23a), perinephric fascia (arrowheads) implies the cystic lesion 
enhanced axial (Fig. 3.23b), and enhanced coronal (arrows) as an infected cyst. Note there are multiple cysts 
(Fig. 3.23c) CT images show a cystic lesion (arrows) hav- in both kidneys. 


3.8 Renal Infected Cyst 


Case 18 


Right renal ultrasound and computed tomography 
(CT) show a right renal infected cyst. Figure 3.24, 
right renal ultrasound illustrates multiple cysts. There 
is internal echogenic content (arrowhead) in one cyst 
(arrow), suggestive of a complicated cyst. Figure 3.25a, 
unenhanced axial CT image shows thickening of the 
right perinephric fascia (arrowhead) and a cystic lesion 
(arrow) with higher density than any other cyst. 
Figure 3.25b, enhanced axial CT image shows multi- 
ple cysts of the right kidney. The cystic lesion (arrow) 
with mild but smooth wall thickening and right peri- 
nephric fluid collection (arrowhead) suggests an 
infected cyst. CT-guided drainage proves this cystic 
lesion as an infected cyst. 
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Fig. 3.25 


Key Diagnostic Features 


Renal infected cysts are characterized by a cystic lesion with 
wall thickening and adjacent infection signs on computed 
tomography or magnetic resonance image. The wall thicken- 
ing of a renal infected cyst could be of smooth or irregular 
appearances but without enhancing soft tissue mass. The 
infection signs adjacent to the infected cysts include peri- 
nephric stranding, perinephric fluid collection, and perineph- 
ric fascia thickening. On renal ultrasound, an infected cyst 
could appear as a cystic lesion with internal debris or wall 
thickening. 
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3.9 Renal Cyst Rupture 


Case 19 


Fig. 3.27 


Renal computed tomography (CT) shows a renal cyst 
rupture with hemorrhage. Unenhanced axial 
(Fig. 3.26a), enhanced axial (Fig. 3 )), and enhanced 
coronal (Fig. 3.26c) CT images show a right renal cys- 
tic lesion (black arrows) with internal hemorrhage 
(white arrows). The wall of the right renal cystic lesion 
is indistinct at an internal hemorrhage area. There are 
fluid (white arrowhead, Fig. b) and blood (black 
arrowhead, Fig. 3.26c) at the right perinephric area. 
Right renal cyst rupture with hemorrhage is impressed. 
Unenhanced axial CT image of a follow-up CT done 
4 months later (Fig. 3.27) illustrates a smaller size of 
the right renal hemorrhagic cyst than before. There is 
no more fluid and hemorrhage on the right perinephric 
area. This picture supports resolution of a prior rupture 
episode of the right renal cyst. 


Key Diagnostic Features 


Renal cyst rupture is very uncommon. [6] When a renal cyst 
ruptures, it results to hemorrhage in the renal cyst itself and 
the adjacent perinephric space. It is also common to find 
fluid accumulation in the adjacent perinephric space since 
the cystic content could rupture into the space. Furthermore, 
when a cyst ruptures, its wall becomes indistinct at the rup- 
ture site. On images, identification of the abovementioned 
characteristics of a renal cyst supports the diagnosis of cyst 
rupture. Unenhanced computed tomography (CT) is usually 
sufficient to recognize hemorrhage. However, enhanced CT 
could confirm the indistinct margin of cyst wall and make 
perinephric fluid collection more conspicuous. 


Fig. 3.26 


3.10 Parapelvic Cyst 


3.10  Parapelvic Cyst 


Case 20 


Fig. 3.28 


Fig. 3.29 


Renal computed tomography (CT) and ultrasound (US) 
show left renal cysts at the renal sinus and parenchymal 
locations, respectively. Unenhanced axial CT (Fig. 3.282) 
and enhanced axial CT of nephrographic phase 
(Fig. 3b), enhanced axial CT of excretory phase 
(Fig. ), and enhanced coronal CT of excretory phase 
images show a left renal cyst (arrowheads) at the left 
renal sinus with stretching effect on the adjacent infun- 
dibulum, compatible with a parapelvic cyst. Another 
larger cyst (arrows) is also depicted in the left renal paren- 
chyma. Both renal cysts are simple cysts. Left renal US 
shows two renal cysts located in the left renal sinus. The 
cyst illustrated in Fig. 3.29 is marked by arrowhead. 
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Case 21 


3.10 Parapelvic Cyst 


Renal ultrasound (US), retrograde pyelography (RP), and 
computed tomography (CT) show imaging findings of a 
right renal parapelvic cyst. Right renal US (Fig. 3.30) 
shows a large anechoic lesion (arrow) at the central and 
hilar regions of the right kidney, simulating right hydro- 
nephrosis. A right renal parenchymal cyst (arrowhead) is 
depicted as well. Right RP (Fig. 3.31) shows stretching 
and an arc appearance of the right renal pelvis (arrow- 
heads), suggestive of mass effect by a space-occupying 
lesion adjacent to the right renal pelvis. Unenhanced 


Key Diagnostic Features 


Renal parapelvic cysts are also called renal sinus cysts. On 
ultrasound, a renal parapelvic cyst appears as an echoic lesion 
located in the high echogenic renal sinus. If a renal parapelvic 
cyst has a large size, hydronephrosis could be falsely 
impressed [7]. On intravenous urography or retrograde 
pyelography, the renal pelvis could be opacified by contrast 
medium which could be thus separated from the parapelvic 
cyst. It is common to identify mass effects of parapelvic cysts 
on the adjacent renal collecting system appearing as stretch- 
ing, displacement, and arc appearances by the anatomical 
proximity. On computed tomography (CT) or magnetic reso- 
nance imaging (MRI), parapelvic cysts could be diagnosed 
with confidence by recognition of their locations in the renal 
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(Fig. 3.32a) and enhanced (Fig. 3.32b) renal axial CT 
images of nephrographic phase show a cystic lesion 
(arrows) at the right renal sinus with no contrast enhance- 
ment. Enhanced renal axial (Fig. 3.32c) and coronal 
(Fig. 3.32d) CT images of excretory phase show this cyst 
(arrows) being outside the right pelvicalyceal system, 
suggestive of a parapelvic cyst. Note mild dilatation of 
the adjacent calyces of the right kidney. There are other 
renal cysts located in the bilateral renal parenchyma. 


sinus and the absence of contrast excretion into the cystic 
lesions, supporting their parapelvic locations. 


Main Differential Diagnosis 


1. Hydronephrosis 

On renal ultrasound, hydronephrosis has a similar appear- 
ance to that of a parapelvic cyst [7]. A careful search for 
depicting a communication between a dilated renal pelvis 
and dilated renal calyces could support the diagnosis of 
hydronephrosis. If there is still uncertainty on differentiating 
hydronephrosis from parapelvic cysts, enhanced CT or MRI 
of excretory phase could provide solid evidences for their 
differentiation by contrast excretion into the renal pelvis. 


120 3 Renal Cystic Disease 


3.11 Multilocular Cystic Nephroma 


Case 22 


p 
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Fig. 3.33 


Renal ultrasound and computed tomography (CT) 
images illustrate imaging features of a renal multilocu- 
lar cystic nephroma. Renal ultrasound of longitudinal 
scan (Fig. 3.33) shows a large cystic mass (arrow) with 
a multilocular appearance by the presence of multiple 
septa (arrowheads). Note anechoic appearance in each 
loculus of this multilocular mass. Unenhanced axial 
CT images (Fig. 3.34a, b) show smooth appearance of 
multiple septa (arrowheads) in this multilocular mass 
(arrows). The densities of each loculus are of water 
density or of slight higher densities than water. 
Enhanced axial CT images (Fig. 3.34c, d) show 
enhancement of multiple septa (white arrowheads) but 
with no enhancement in each loculus. This left renal 
mass (arrows) compresses and prolapses into the left 
renal collecting system (black arrowhead), as shown 
in Fig. 3.34e. Enhanced coronal image shows this 
tumor (arrow) occupying nearly the whole left 
kidney. 


Fig. 3.34 
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Key Diagnostic Features Main Differential Diagnosis 


Renal multilocular cystic nephroma is diagnosed on images 1. Multilocular cystic renal cell carcinomas [8] 


by its characteristic findings as a large multilocular cystic Multilocular cystic renal carcinomas also appear as a 
mass having multiple septa. As a renal multilocular cystic multilocular cystic mass of the kidney. However, irregular 
nephroma is a benign neoplasm, its septum is typically wall or septal thickening and enhancing soft tissue nod- 
smooth in appearance. This tumor usually prolapses into the ules in a renal multilocular cystic mass should alert the 
renal collecting system (i.e., focal protrusion in the interface reader of the possibility of a renal cell carcinoma of mul- 
of the tumor and the renal collecting system) [8]. A careful tilocular type rather than a benign multilocular cystic 
search of this finding could help in diagnosing it with confi- nephroma. 


dence. Renal multilocular cystic neoplasm is uncommon. It 
has two peak age distributions: one in a middle-aged female 
adult and another in young children [8]. 
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3.12 Renal Lymphangiomatosis 


Case 23 


3 Renal Cystic Disease 


Fig. 3.36 


Renal ultrasound and computed tomography show 
imaging features of renal lymphangiomatosis (courtesy 
of Ching-Jiunn Wu, M.D., Department of Radiology, 
Tri-Service General Hospital, Taipei, Taiwan). Right 
(Fig. 3.352) and left (Fig. 3.35b) renal ultrasound show 
an echo-free lesion (arrows) surrounding the right and 
left kidneys, respectively. Unenhanced (Fig. 3.36a) and 
enhanced axial computed tomography images show 
multilocular cystic lesion (arrows) of bilateral peri- 
nephric areas, enveloping both kidneys, suggestive of 
renal lymphangiomatosis. 


Key Diagnostic Features 


Renal lymphangiomatosis is characterized by a unilocular or 
multilocular cystic lesion located in the subcapsular regions, 
perinephric spaces, or peripelvic areas upon imaging [9, 10]. 
Renal lymphangiomatosis could have unilateral or bilateral 
renal involvement. When renal lymphangiomatosis is located 
in the subcapsular regions or perinephric space, it surrounds 
the ipsilateral kidney, showing an anechoic lesion along the 
renal contour on renal ultrasound and multilocular cystic 
lesions enveloping the kidney on computed tomography 
(CT) or magnetic resonance imaging (MRI). The renal 
parenchyma itself is spared from renal lymphangiomatosis 
involvement in spite of possible presence of mass effect on 
or displacement of the kidney. Renal lymphangiomatosis is 
rare, which resulted from an abnormal renal or perirenal 
Iymphatic drainage [9, 10]. Nonetheless, by the typical find- 
ings shown on CT and MRI, a definite diagnosis of renal 
Iymphangiomatosis could be made with confidence [9]. 


Case 24 


3.13 Multilocular Cystic Renal Cell Carcinomas 


3.13 Multilocular Cystic Renal Cell 
Carcinomas 


Fig. 3.37 


Renal computed tomography (CT) shows imaging 
features of a multilocular cystic renal cell carci- 
noma (RCC). Contiguous enhanced CT images 
(Fig. 3.37a, b) show a right renal cystic mass 
(arrows) at the anterior part of the right kidney with 
anterior protrusion appearance. There are enhanc- 
ing septa (white arrowheads) as well as ill-defined 
enhancing soft tissue parts (black arrowheads) 
within this cystic mass, suggestive of a malignant 
renal tumor. Histological examination of the right 
partial nephrectomy for this tumor shows a clear 
cell RCC of multilocular cystic pattern with one 
solid nodule. 
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Renal computed tomography (CT) illustrates imaging 
findings of a right multilocular cystic renal cell carci- 
noma (RCC). Unenhanced renal axial CT image 
(Fig. 3.38a) shows a cystic mass (arrow) of the right 
renal parenchyma. Enhanced renal axial CT image 
(Fig. 3.38b) shows enhancing septa with irregular 
thickness and ill-defined margins within this cystic 
mass, which raises the suspicion of a renal malignancy. 
Right partial nephrectomy reveals a clear cell RCC 
with multilocular appearance upon gross inspection 
for histological examination. 
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Renal ultrasound and magnetic resonance imaging 
(MRI) show a left renal multilocular cystic renal cell 
carcinoma (RCC). Left renal ultrasound (Fig. 3.39) 
shows a small renal mass of mixed echogenicity 
including hypoechoic, isoechoic, and hyperechoic 
parts. T2-weighted image of MRI (Fig. 3.40a) shows 
multiple septa of this mass (arrow) highlighted by low 
signal intensity parts. Enhanced axial MRI images of 
corticomedullary (Fig. 3.40b) and nephrographic 
phase (Fig. 3.40c) on T1 fat-suppressed images show 
enhancing irregular septa and walls as well as enhanc- 
ing soft tissue nodules within this mass (arrows), con- 
sistent with a renal malignancy. Histological 
examination of left partial nephrectomy for this renal 
tumor reveals a multilocular cystic RCC. 


Fig. 3.40 
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Key Diagnostic Features 3.14 Renal Cysts Associated with Tuberous 
Sclerosis Complex (TSC) 
Multilocular cystic renal cell carcinomas (RCCs) appear as a 
tumor of multilocular cystic appearances on images. On Case 27 
computed tomography (CT) or magnetic resonance imaging 
(MRI), a renal multilocular mass is considered by the pres- 
ence of multiple septa in a cystic mass. Nonetheless, septa or 
walls of a multilocular cystic RCC are usually irregularly 
thickened. The presence of an enhancing soft tissue nodule is 
also a common finding in multilocular cystic RCCs. 
Nonetheless, the enhancement of soft tissue parts in a multi- 
locular cystic RCC could be of mild or moderate degree, 
which is less than that of a typical RCC with hypervascular 
nature. Overall, multilocular cystic RCCs may appear as 
renal cystic masses of Bosniak IIF to IV categories [11]. 


Main Differential Diagnoses 


Fig. 3.41 
1. Multilocular cystic nephroma 
The wall and septa of a renal multilocular cystic 
nephroma are usually smooth in appearance. After con- 
trast medium enhancement, enhancing septa in a multi- Renal ultrasound and magnetic resonance imaging 
locular cystic nephroma usually have well-defined (MRI) show renal angiomyolipoma and cysts in a 
appearances. A renal multilocular cystic nephroma is 13-year-old girl with tuberous sclerosis complex 
typically a large renal tumor. Nonetheless, a multilocular (TSC). Right renal ultrasound (Fig. 3.41) shows mul- 
cystic renal cell carcinoma has a variable size depending tiple hyperechoic nodules (arrows) of the kidney, con- 
on its stage at presentation. sistent with renal angiomyolipomas. Unenhanced 


coronal (Fig. 3.42a) and axial (Fig. 3.42b) T2-weighted 
images show multiple angiomyolipomas of both kid- 
neys (arrows), presenting as mixed signal intensity 
masses. Unenhanced axial T2 fat-suppressed image 
shows drop signal intensity of renal angiomyolipomas 
(arrows) by fat-suppression effects, which supports 
their natures as fat-containing tumors. Renal cysts 
(arrowheads) of both kidneys remain of high signal 
intensity and become more conspicuous by better con- 
trast effect after fat suppression. 
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Fig. 3.42 


3 Renal Cystic Disease 


Key Diagnostic Features 


The diagnostic principle of renal cysts in TSC patients on 
images is similar to other patients. Renal cysts are com- 
mon in patients with tuberous sclerosis complex (TSC) 
[12]. Renal cysts in TSC patients are usually small in sizes 
and found in both kidneys [12]. Renal angiomyolipomas 
are even more common than renal cysts in TSC patients 
[12]. Renal cysts in TSC patients are basically simple 
cysts. Thus, the diagnostic criteria of simple cysts on renal 
ultrasound, computed tomography (CT), and magnetic 
resonance imaging (MRI) apply to TSC patients as well. 
However, it is sometimes difficult to categorize a small 
renal nodule as a lesion of water density or fat density on 
CT by visual inspection. In this situation, a thin-slice col- 
limation for reducing partial volume averaging effect and 
an appropriate region of interest inside the small renal 
nodule could help the differentiation between renal cysts 
and angiomyolipomas on CT. Renal cysts appear as 
anechoic nodules on ultrasound, whereas renal angiomyo- 
lipomas as hyperechoic nodules. The application of fat- 
suppression pulse sequences on MRI allows the 
differentiation of renal angiomyolipomas from renal cysts 
in TSC patients upon MRI. By using the above imaging 
criteria, renal cysts could be differentiated from renal 
angiomyolipomas in TSC patients. 
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3.15 Renal Cysts Associated with Von 
Hippel-Lindau (VHL) Disease 


Case 28 
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Magnetic resonance imaging (MRI) and computed 
tomography (CT) show renal cysts in a patient with von 
Hippel-Lindau (VHL) disease (VHL). Unenhanced axial 
Tl-weighted image (Fig. 3.43a) unenhanced axial 
T2-weighted image (Fig. 3.43b), and enhanced axial T1 
fat-suppressed image (Fig. 3.43c) show multiple cysts 
(arrows) of both kidneys and a left renal cell carcinoma 
(arrowheads) at the anterior part of the left kidney. There 
are numerous cysts in the pancreas as well. The patient 


Key Diagnostic Features 


Von Hippel-Lindau (VHL) disease is an autosomal dominant 
disease, which is characterized by presence of cerebellar and 
retinal hemangioblastoma, renal disease, and pancreatic dis- 
eases [13]. Of renal diseases in VHL, the most common find- 
ings are renal cysts and renal cell carcinomas, which are 
usually multiple lesions of both kidneys. There are two types 
of renal cysts in VHL: with and without malignant potential. 
Thus, follow-up imaging is necessary for monitoring interval 
changes of renal cysts for possible malignant change [13]. 


3 RenalCystic Disease 


has a history of resection of a cerebellar hemangioblas- 
toma 4 years ago. These imaging features and past history 
suggest the diagnosis of VHL. Unenhanced (Fig. 3.44a) 
and enhanced (Fig. 3.44b) axial CT images done 8 years 
later after Fig. 3.44 show multiple renal cysts (arrows) 
and renal cell carcinomas (arrowheads) scattered in both 
kidneys. A liver cyst and multiple small pancreatic cysts 
are also depicted. 


Renal ultrasound is used first for this surveillance due to its 
ability to differentiate solid neoplasms from cystic masses as 
well as its absence of radiation exposure [13]. However, 
computed tomography (CT) is used for equivocal findings of 
renal masses in VHL patients [13]. CT is more sensitive in 
detecting small renal neoplasms than renal ultrasound by 
showing enhancing soft tissue parts of a renal mass [13]. If 
VHL patients have renal functional impairment, magnetic 
resonance imaging could be used for assessing renal masses 
as benign cysts or not by evaluating their signal intensities on 
different pulse sequences. 
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3.16 Autosomal Dominant Polycystic Case 30 
Kidney Disease 


Case 29 


Fig. 3.45 


Renal ultrasound shows imaging findings of a patient 
with autosomal dominant polycystic kidney disease. 
Right (Fig. 3.45a) and left (Fig. 3.45b) renal ultra- 
sound images show numerous renal cysts of both kid- 
neys as anechoic masses (arrows). 


Fig. 3.46 


Computed tomography (CT) shows imaging features 
of autosomal dominant polycystic kidney disease. 
Enhanced CT at the liver level (Fig. 3.46a) shows 
multiple liver cysts while enhanced CT images at the 
renal level (Fig. 3.46b, c) show numerous cysts 
(arrows) of variable sizes in both kidneys. There is 
contrast excretion in both kidneys after contrast 
medium administration. 
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Case 31 


Fig. 3.48 


Fig. 3.47 


Retrograde pyelography (RP), computed tomography 
(CT), and magnetic resonance imaging (MRI) illus- 
trate imaging characteristics of autosomal dominant 
polycystic kidney disease. Both RP (Fig. 3.47) shows 
stretching and splaying (arrowheads) of both renal Fig. 3.49 
pelvicalyceal systems by space-occupying lesions. 

Unenhanced CT images at the renal upper pole 

(Fig. 3.48a) and lower pole (Fig. 3.48b) show mark- 

edly enlargement of both kidneys (arrows) occupying 

nearly the whole abdominal cavity and extending to 

the iliac fossa. Both kidneys contain innumerable renal 

cysts, including a left renal hemorrhagic cyst (arrow- 

head). Unenhanced axial T1-weighted image of MRI 

(Fig. 3.49) shows innumerable cysts including simple 

cysts and hemorrhagic cysts (arrowheads) in both 

large kidneys. 


3.16 Autosomal Dominant Polycystic Kidney Disease 


Key Diagnostic Features 


Autosomal dominant polycystic kidney disease (ADPKD) 
is characterized by innumerable renal cysts of both kidneys. 
Liver cysts, renal stones, and intracranial aneurysms are 
associated with ADPKD. As the renal cysts in a patient with 
ADPKD increase over time, sizes of both kidneys are 
enlarged accordingly. Renal cysts of ADPKD could be com- 
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plicated with hemorrhage, infection, or even rupture. 
A patient with ADPKD usually develops renal insufficiency 
at the fifth or sixth decade [14]. Thus, imaging findings of 
bilateral renal enlargement having numerous cysts with or 
without complications and with concurrent multiple renal 
cysts could suggest the diagnosis of ADPKD. Images are 
also useful for monitoring the interval changes of renal cysts 
and whole renal volume of both kidneys in ADPKD [14]. 
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3.17 Acquired Renal Cystic Disease 


Case 32 


Fig.3.51 


Renal ultrasound and computed tomography (CT) images | Unenhanced axial CT images (Fig. 3.51a, b) show small 
illustrate imaging features of acquired renal cystic dis- sizes of both kidneys containing numerous small cysts. 
ease. Right (Fig. 3.50a) and (Fig. 3.50b) left renal ultra- These imaging features suggest acquired renal cystic 
sound show multiple cysts of both small kidneys (arrows). disease. 
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Case 33 


Fig. 3.52 


Fig. 3.53 
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Renal computed tomography (CT) and magnetic reso- 
nance imaging (MRI) show imaging findings of 
acquired renal cystic disease. Enhanced axial renal CT 
image (Fig. 3.52a, b) shows numerous renal cysts in 
both kidneys ranging from several millimeters to about 
one centimeter in size. There are calcifications in the 
walls of the abdominal aorta, superior mesenteric 
artery, and bilateral renal arteries as well as in the renal 
parenchyma. Unenhanced Tl-weighted axial 
(Fig. 3.53a), T2-weighted axial (Fig. 3.53b), coronal 
(Fig. 3.53c) and enhanced T1  fat-suppressed 
(Fig. 3.53d) images show innumerable renal nodules 
of low signal intensity on T1-weighted image and high 
signal intensity on T2-weighted image without con- 
trast enhancement, which is consistent with renal cysts. 
Both kidneys are small and there is ascites. All these 
imaging findings support the diagnosis of acquired 
renal cystic disease. 


3 RenalCystic Disease 
Key Diagnostic Features 


Acquired renal cystic disease (ACKD) is characterized by 
numerous cysts in both kidneys which are usually of small 
or normal size upon imaging. ACKD occurs in uremic 
patients after peritoneal dialysis or hemodialysis. Forty to 
ninety percent of dialysis patients have ACKD [15]. The 
number of renal cysts in dialysis patients also increases 
along with the longer duration of dialysis period. The sizes 
of renal cysts in ACKD are usually small [15]. These cysts 
are sometimes complicated with hemorrhage or calcifica- 
tion. Spontaneous hemorrhage to perinephric space or sub- 
capsular areas in ACKD could occur as well. About 5-25 96 
of ACKD patients have renal neoplasms which are related 
to renal cysts [15]. Thus, enhanced computed tomography 
(CT) or magnetic resonance imaging (MRI) images are used 
for detecting renal tumors which show contrast enhance- 
ment in ACKD patients. 


Main Differential Diagnosis 


]. Autosomal dominant polycystic kidney disease 

Both polycystic kidney disease (PKD) and ACKD have 
numerous cysts in both kidneys. Nonetheless, the renal 
sizes of both kidneys in ACKD are usually small or normal. 
In contrast, PKD has enlarged renal sizes, even extending to 
the pelvic cavity. Furthermore, a history of peritoneal dialy- 
sis or hemodialysis could be found in ACKD patients, but 
not in PKD patients unless they progress to uremic state. 
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3.18  Multicystic Dysplastic Kidney Disease 


Case 34 
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Fig.3.55 


Renal ultrasound, computed tomography (CT), and 
nuclear medicine study show imaging findings of a 
6-year-old girl with left multicystic dysplastic kidney 
(MCDK). Right (Fig. 3.54a) and left (Fig. 3.54b) renal 
ultrasound images show multiple cysts (arrowheads in 
Fig. 3.54b) in the left kidney with a small renal size. In 
contrast, the right kidney is enlarged in size. Enhanced 
renal axial (Fig. 3.55a, b) and coronal (Fig. 3.55c) CT 
images show a very small left kidney having multiple 
cysts (arrowheads) and several small calcifications. 
The right kidney is compensatorily hypertrophied. 
Nuclear medicine study (Fig. 3.56) of dimercaptosuc- 
cinic acid scan (DMSA) shows no function of the left 
kidney at all. These imaging findings suggest a diagno- 
sis Of left MCDK. 


Fig. 3.56 


3.18 Multicystic Dysplastic Kidney Disease 


Case 35 


Fig. 3.57 


Fig. 3.58 


Magnetic resonance urography (MRU), renal ultra- 
sound, and dimercapto succinic acid scan (DMSA) 
illustrate imaging characteristics of a female neonate 
with right multicystic dysplastic kidney (MCDK). 
MRU (Fig. 3.57) shows multiple cysts (arrows) of 
variable sizes in the right kidney. Right renal ultra- 
sound (Fig. 3.58) shows multiple cysts (arrowheads) 
throughout the right kidney. DMSA (Fig. 3.59) shows 
complete nonvisualization of the right kidney, sugges- 
tive of complete absence of function. 
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Fig. 3.59 


Key Diagnostic Features 


Multicystic dysplastic kidney (MCDK) is characterized by 
presence of multiple cysts and absence of function of the 
involved Kidney or renal segment. MCDK is usually diag- 
nosed by renal US in infancy and nowadays in antenatal period 
[16, 17]. The renal cysts in a classical MCDK have no com- 
munication with each other upon imaging [16]. On computed 
tomography or magnetic resonance imaging, nonfunctioning 
renal parenchyma shows no excretion of contrast medium 
into the renal collecting system. Magnetic resonance urog- 
raphy (MRU) has been recently used to differentiate MCDK 
from hydronephrosis (i.e., pseudocystic appearance) and ure- 
teropelvic junction obstruction [16]. Nuclear medicine study 
as dimercapto succinic acid scan (DMSA) could provide 
an information of the functional status of the affected renal 
parenchyma [17]. On DMSA, the affected kidney of MCDK 
typically shows no function at all [17]. 
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3.19 Unilateral Renal Cystic Disease 


Case 36 


Fig. 3.60 


Renal computed tomography (CT) shows imaging 
features of unilateral renal cystic disease (URCD). 
Enhanced axial CT image of nephrographic phase 
(Fig. 3.60a) and enhanced axial (Fig. 3.60b) and coronal 
CT images of excretory phase (Fig. 3.60c) show multi- 
ple cysts of variable sizes in the left kidney. There is no 
cyst in the right kidney. The left kidney is larger in size 


than the right kidney due to the presence of cysts. The 
left renal cysts are stationary in sizes during a follow-up 
period of 8 years (not shown). Normal contrast opacifi- 
cation of both renal pelvicalyceal systems are depicted. 
Renal magnification view of CT scout film after contrast 
opacification (Fig. 3.60d) shows mass effects on the left 
renal calyces. 


References 
Key Diagnostic Features 


Unilateral renal cystic disease is also called as localized or 
segmental renal cystic disease [18]. Unilateral renal cystic 
disease is characterized by the presence of multiple renal 
cysts in one or the whole part of unilateral kidney upon 
imaging [18]. There is usually normal renal parenchyma 
between multiple cysts in unilateral renal cystic disease [18]. 
At the same time, there is absence of cysts or 1-2 small cysts 
on the opposite kidney [18]. Patients with unilateral renal 
cystic disease will not progress to renal insufficiency status. 
Thus, on follow-up or first images, the kidney with unilateral 
renal cystic disease has similar excretory function as the 
opposite kidney, and the sizes of the renal cysts in unilateral 
renal cystic disease are usually stationary [18]. 


Main Differential Diagnosis 


1. Multicystic dysplastic kidney 

Multicystic dysplastic kidney is also a disease of unilat- 
eral kidney having multiple cysts [18]. However, the 
involved kidney of multicystic dysplastic kidney is not 
functioning of the involved kidney [18]. The renal tissue 
between the cysts of a multicystic dysplastic kidney is 
dysplastic rather than normal, and thus, it appears as 
enhancement patterns different from normal renal paren- 
chyma [18]. 
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Renal Parenchymal Neoplasms 


4.1 Clear Cell Renal Cell Carcinoma 


Case 1 


Renal computed tomography (CT) shows imaging findings 
of a clear cell renal cell carcinoma. Unenhanced renal axial 
CT image (Fig. 4.1a) shows a right tumor (arrow) of 
heterogeneous density. Enhanced renal CT images (Fig. 4. 1b, 
C) show this renal tumor (arrows) with obvious enhancement 


L.-J. Wang, Key Diagnostic Features in Uroradiology: A Case-Based Guide, 


of its solid part at the late enhanced phase (Fig. 4.1b) and 
slight fading out of enhancement at the excretory phase 
(Fig. 4.1c). The low-density part in this tumor showing no 
enhancement represents necrosis. There is a stone (arrow- 
head, Fig. 4.1a) adjacent to the right renal tumor. 
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Case 2 


Renal computed tomography (CT) illustrates a left renal 
cell tumor of clear cell type. Unenhanced axial CT 
(Fig. 4.2a) shows a right renal solid tumor (arrow) with 
slight heterogeneous density. Enhanced axial CT of cor- 
ticomedullary phase (Fig. 4.2b) shows strong but hetero- 
geneous enhancement of this tumor (arrow). The strong 
enhancement part of this tumor on corticomedullary 
phase is as highly dense as that of the enhanced renal 
cortex. 


Fig. 4.2 


4.1 


Clear Cell Renal Cell Carcinoma 


Case 3 


Fig. 4.3 


Renal computed tomography (CT) shows a left clear cell 
renal cell carcinoma (cRCC) with left perinephric exten- 
sion. Axial unenhanced (Fig. 4.3a), enhanced corticome- 
dullary phase (Fig. 4.3b), enhanced nephrographic phase 
(Fig. ), and enhanced excretory phase (Fig. ) CT 
images show a large left renal tumor with heterogeneous 
density on all unenhanced and enhanced phases. This 
large tumor has a focal protrusion (black arrow) into the 


left perinephric space, suggestive of perinephric tumor 
invasion. The tumor has the strongest enhancement on 
corticomedullary phase and becomes gradually less 
enhanced on nephrographic phase and least enhanced on 
excretory phase. The most enhanced part (black arrow- 
head, Fig. 4.3b) of this tumor of corticomedullary phase 
is nearly isodense to that of renal artery and renal cortex. 
There is a left renal stone (white arrowhead, Fig. a). 
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Renal ultrasound (US) and computed tomography 
(CT) show a clear cell type of renal cell carcinoma 
(RCC) in the right kidney. Right renal ultrasound 
(Fig. 4.4) shows a solid tumor (arrow) with internal 
hypoechoic region (arrowhead). Unenhanced axial CT 
(Fig. 4.5a) shows a homogeneous density tumor 
(arrow) at the anterior part of the right kidney. 
Enhanced axial CT of nephrographic phase (Fig. 4.5b) 
shows very heterogeneous enhancement of this tumor 
(arrow) simulating a multilocular appearance but with 
enhancing soft tissue part. Enhanced coronal CT of 
excretory phase (Fig. 4.5c) shows this tumor (arrow) at 
the right renal upper pole with compression on the 
right renal calyces. 


Fig. 4.4 


Fig. 4.5 
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Case 5 


Renal ultrasound and magnetic resonance imaging 
(MRI) show a right clear cell renal cell carcinoma. 
Right renal ultrasound (Fig. 4.6) shows an isoechoic 
tumor (arrow) with protruding appearance. Unenhanced 
axial T1-weighted image (T1WD of MRI (Fig. ) 
shows a left renal tumor (arrow) with hyperintensity to 
the renal parenchyma. Unenhanced axial T2-weighted 
image (T2WI) of MRI (Fig. 4.7b) shows slightly lower 
signal intensity of the tumor (arrow) to the renal paren- 
chyma. Unenhanced coronal T1 fat-suppressed (T1FS) 
image of MRI (Fig. 4.7c) shows a tumor (arrow) at the 
right renal upper pole with no signal drop after 
fat-suppression technique. Enhanced coronal T1 fat- 
suppressed image of MRI (Fig. 4.7d) shows heteroge- 
neous enhancement of the tumor (arrow). There is a 
cyst (arrowhead) at the left renal lower pole. 


Fig. 4.6 


Fig. 4.7 
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Case 6 


4 RenalParenchymal Neoplasms 


Fig. 4.8 


Renal arteriography shows typical imaging findings of 
a clear cell carcinoma of the right kidney. Right renal 
arteriography at arterial phase (Fig. 4.8a) shows 
numerous and dilated tumor vessels in a right renal 
tumor, suggestive of high vascularity. Right renal arte- 
riography at parenchymal phase (Fig. 4.8b) shows 
obvious tumor stain (arrow) of this renal tumor. 


Key Diagnostic Features 


Clear cell renal cell carcinoma (cRCC) is the most common 
subtype of renal cell carcinoma, which is also regarded as 
“conventional” RCC. Von Hippel-Lindau disease and tuber- 
ous sclerosis complex are associated with cRCC [1]. cRCC 
typically shows heterogeneous density, especially after 


contrast enhancement [2]. The strongest enhancement of 
cRCC appears on corticomedullary phase. cRCC compared 
to papillary and chromophobe renal cell carcinomas 
(ChRCCs) is usually larger in size and has more local exten- 
sion, vascular invasion, and distant metastasis to the adjacent 
structure [3]. cRCC is more common to have cystic degen- 
eration, necrosis, and hemorrhage than other subtypes. The 
signal intensity of CRCC on MRI depends on the presence or 
absence of hemorrhage, necrosis, and cystic change in the 
tumor [3]. cRCC usually appears as an isointense tumor of 
the renal parenchyma on T1-weighted image and a high- 
intensity tumor on T2-weighted images, especially in the 
necrotic or cystic parts [3]. Nonetheless, cRCC also appears 
as a hypointense mass on T2-weighted image occasionally 
[3]. For a cRCC containing cytoplasmic fat, signal drop on 
out-of-phase image is noted as compared with in-phase 
image on MRI [3]. 


4.2 Chromophobe Renal Cell Carcinoma 


4.2 


Case7 


Fig. 4.9 


Fig.4.10 


Chromophobe Renal Cell Carcinoma 


Renal ultrasound and computed tomography (CT) shows 
imaging findings of a chromophobe renal cell carcinoma 
(ChRCC) in the right kidney. Right renal ultrasound 
(Fig. 4.9) shows an isoechoic homogeneous mass 
(arrow) on the right renal upper pole protruding into the 
renal sinus. Unenhanced axial CT image (Fig. a) 
shows enlargement of the right renal upper pole (arrow) 
with homogeneous density. Enhanced axial (Fig. 4.10b) 
and coronal CT (Fig. ) images of excretory phase 
show homogeneous enhancement of a right renal tumor 
(arrows) with displacement of the adjacent renal calyces. 
Right nephrectomy reveals a ChRCC of 8.5 cm in size 
but confined in the right kidney. 
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Case8 


Renal ultrasound and computed tomography (CT) illus- 
trate a right renal chromophobe renal cell carcinoma. 
Right renal ultrasound (Fig. 4.11) shows exophytic right 
renal tumor (arrow) with predominantly homogeneous 
echogenicity which is slightly higher than that of renal 
parenchyma. Axial unenhanced image (Fig. 4.122), 
enhanced image of nephrographic phase (Fig. 4.12b), 
and enhanced image of excretory phase (Fig. 4.12c) on 
CT show a right renal solid tumor (arrows) that is 
isodense to the renal parenchyma on unenhanced phase 
and has roughly homogeneous enhancement on 
enhanced nephrographic phase. The enhancement of 
this tumor (arrow, Fig. 4.12c) is decreased at excretory 
phase but remains homogeneous. 


Fig. 4.11 


Fig. 4.12 


4.2 Chromophobe Renal Cell Carcinoma 


Case 9 
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Fig. 4.13 


Renal computed tomography (CT) shows a small left 
renal chromophobe renal cell carcinoma. Axial unen- 
hanced image (Fig. 4.13a) enhanced image of nephro- 
graphic phase (Fig. 4.13b), and enhanced image of 
excretory phase (Fig. 4.13c) show a small left renal 
tumor (arrows) with the strongest enhancement at 
nephrographic phase. The tumor is undetectable on 
unenhanced image by its same density as that of nor- 
mal parenchyma. 


Key Diagnostic Features 


Chromophobe renal cell carcinoma (ChRCC) is less com- 
mon than clear cell and papillary subtypes of renal cell car- 
cinomas. Among the abovementioned subtypes of renal 
cell carcinomas, ChRCC has the best prognosis. ChRCC is 
usually a hypovascular tumor [3]. ChRCC is characterized 


by homogeneous enhancement; however, the reported fre- 
quency of this characteristic is variable from 46 to 75 % in 
the literature [4]. The peak enhancement of ChRCC on 
computed tomography (CT) usually occurs in nephro- 
graphic phase, and its enhancement is usually less than that 
of clear cell subtype but higher than papillary enhancement 
[2]. Magnetic resonance imaging (MRI) is usually served 
as a complimentary imaging modality for problem solving 
of renal masses. ChRCC could present similar findings as 
that of clear cell renal cell carcinoma on magnetic reso- 
nance imaging (MRI). ChRCC may sometimes have necro- 
sis, cystic change, or calcifications shown on CT or MRI 
[3, 4]. ChRCC may show central scar or spoke wheel 
appearances similar to those of renal oncocytomas [3]. 
ChRCC and renal oncocytomas also have common histo- 
logical features on hematoxylin-eosin stain [3]. Tumor 
cells diffusely positive for Hale’s colloidal iron stain sup- 
port the histological diagnosis of ChRCC rather than renal 
oncocytomas. 
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4.3 Papillary Renal Cell Carcinoma 


Case 10 


Excretory urography (EU) and renal computed tomog- 
raphy (CT) illustrate a papillary renal cell carcinoma 
(pRCC) at the left renal lower pole. Magnification 
view of the EU of the left kidney at 10 min after con- 
trast medium administration (Fig. 4.14) shows a space- 
occupying lesion at the left renal lower pole, supported 
by a mass effect on the left renal lower calyces (arrow- 
head) and abnormal long distance between the left 
renal lower polar contour (arrow) and lower calyces. 
Unenhanced (Fig. 4.15a) and enhanced (Fig. 4.15b) 
axial CT images show a large papillary renal cell car- 
cinoma (arrows) with heterogeneous enhancement 
after contrast medium administration by the presence 
of intratumoral necrosis. 


Fig.4.14 


Fig. 4.15 
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Case 11 


Renal ultrasound and computed tomography (CT) show 
imaging findings of a small papillary renal cell carci- 
noma. Left renal ultrasound (Fig. )) shows a small 
hyperechoic tumor (arrow). Unenhanced axial CT 
image (Fig. ), enhanced axial CT image of cortico- 
medullary phase (Fig. ), and enhanced axial CT 
image of nephrographic phase (Fig. c) show a left 
renal tumor (arrows) of homogeneous enhancement. 
However, the enhancement of the tumor is less than that 
of the renal cortex on corticomedullary phase 
(Fig. ) and of renal parenchyma on nephrographic 
phase (Fig. c), respectively. The enhancement of 
Fig. 4.16 this tumor is most conspicuous on nephrographic phase. 


Fig.4.17 
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Case 12 
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Fig. 4.18 


Renal magnetic resonance imaging (MRI) shows a 
small papillary renal cell carcinoma in the right kidney. 
Axial unenhanced Tl1-weighted image (Fig. 4.18a), 
coronal unenhanced T2-weighted image by gradient 
echo (Fig. 4.18b), and coronal enhanced T1 fat-sup- 
pressed image (Fig. 4.18c) show a papillary renal cell 
carcinoma (arrows) presenting similar signal intensity 
on Tl- and T2-weighted images. The tumor has an 
enhancement degree less than that of the renal cortex. 
The right kidney has poor differentiation of the cortex 
and medulla on T1-weighted image (Fig. 4.18a) due to 
poor renal function. 


Key Diagnostic Features 


Papillary renal cell carcinoma (pRCC) is the next most 
common subtype of renal cell carcinoma [1]. pRCC is usu- 
ally a small solid tumor which is confined in the kidney at 
presentation [3]. pRCC is usually less enhanced than clear 


cell and chromophobe renal cell carcinomas on computed 
tomography (CT), and its peak enhancement occurs in 
nephrographic phase in general [2]. pRCC smaller than 
3 cm is more likely to have homogeneous enhancement on 
enhanced CT. On the other hand, pRCC larger than 3 cm 
usually appears as a heterogeneously enhanced mass with 
the presence of hemorrhage or necrosis [5]. On angiogra- 
phy, pRCC is a hypovascular or avascular tumor [6]. On 
renal ultrasound, renal cell carcinomas could present as 
hyperechoic, isoechoic, or hypoechoic masses, regardless 
of the subtypes [5]. Hyperechoic appearance is most com- 
monly seen in small renal cell carcinomas, which may 
have similar appearances as those of renal angiomyolipo- 
mas [5]. On magnetic resonance imaging (MRI), pRCC 
usually shows a tumor with low signal intensity similar to 
or lower than those of renal parenchyma on both 
T1-weighted and T2-weighted images [5]. The enhance- 
ment pattern and degree of MRI in pRCC are similar to 
that seen on CT. Pseudocapsule of pRCC is more fre- 
quently seen on MRI than on CT [5]. 
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4.4 Collecting Duct Carcinoma 


Case 13 


Fig. 4.19 


Key Diagnostic Features 


Computed tomography (CT) shows imaging characteris- 
tics of a left renal collecting duct carcinoma. Enhanced 


coronal (Fig. 4.19a) and axial CT images at left renal vein Collecting duct carcinomas usually show distant metastasis 
(Fig. 4.19b), left renal midportion (Fig. 4.19c), and left and a large infiltrative renal tumor with preserved reniform at 
renal lower pole levels show a large and heterogeneous presentation [3]. Heterogeneous enhancement, hemorrhage, 
enhancing tumor (white arrows) occupying nearly the and necrosis on computed tomography (CT) are common find- 
whole left kidney with preserved reniform. This left renal ings of collecting duct carcinoma. It is one histological subtype 
tumor extends to the left para-aortic and aortocaval areas of renal cell carcinoma, which has even a poorer prognosis than 
(white arrowheads) as well as the left paraspinal area with clear cell subtype [3]. On magnetic resonance imaging, it usu- 
the involvement of the left psoas muscle (black arrows). ally shows low signal intensity on T2-weighted image but vari- 
There is thrombosis (black arrowheads) in the left renal able signal intensities on T1-weighted image [3]. 


vein and the inferior vena cava (IVC). A metastatic tumor 
is depicted at the right lobe of the liver (Fig. 4.192). Bony 
metastasis of the spine is illustrated in Fig. : 
Histological examination of biopsy specimen of the left 
renal tumor reveals collecting duct carcinoma. 
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4.5 Renal Cell Carcinoma with Perinephric Key Diagnostic Features 
Extension and Lymph Node 


Metastasis Staging of renal cell carcinoma (RCC) is mostly commonly 
evaluated by computed tomography (CT) before surgery or for 
Case 14 subsequent treatments. Perinephric tumor extension of RCC on 


CT is shown as (1) a focal tumor protrusion into the perinephric 
space which is still contiguous to the main tumor or (2) discrete 
perinephric nodules isolated from the main tumor. Increased 
perinephric stranding could be found in perinephric tumor 
invasion or RCC complicated with infection. Preservation and 
visualization of a thin layer of renal cortex on CT suggest that 
the tumor is still confined in the kidney. Regional lymph node 
metastasis from RCC usually occurs in the renal hilar area or 
adjacent to the aorta or inferior vena cava. 


Fig. 4.20 


Renal computed tomography (CT) shows imaging 
findings of a right renal cell carcinoma with right peri- 
nephric invasion and lymph node metastasis. Enhanced 
renal axial CT image (Fig. 4.20a) shows a right tumor 
(arrow) with heterogeneous enhancement. The tumor 
invades to the right perinephric space (white arrow- 
head). There are multiple enlarged lymph nodes (black 
arrowheads) anterior to the aorta and inferior vena 
cava or between them, representing lymph node metas- 
tasis. Surgical findings and histological examinations 
of right radical nephrectomy reveals a right renal cell 
carcinoma of clear cell type with perinephric extension 
and lymph node metastasis. 
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4.6 Cystic Renal Cell Carcinomas Case 16 


Case 15 


Renal computed tomography (CT) illustrates imaging 
findings of a small cystic renal cell carcinoma (RCC). 
Enhanced axial (Fig. 4.22a) and coronal (Fig. 4.22b) 
CT images show a small cystic nodule (arrows) with a 
focal enhancing nodule (arrowheads). Left renal cystic 
RCC is considered. Histological examination of left 
partial nephrectomy for this tumor reveals an RCC of 
clear cell type with cystic degeneration. 


Fig. 4.21 


Renal computed tomography (CT) shows imaging fea- 
tures of acystic renal cell carcinoma (RCC). Unenhanced 
axial CT (Fig. 4.21a), enhanced axial CT (Fig. 4.21b), 
and enhanced coronal CT (Fig. 4.21c) images show a 
cystic mass (arrows) with enhancing soft tissue parts 
(arrowheads) contiguous to its wall, suggestive of an 
RCC. There is a renal cyst (black arrowhead) on the left 
renal lower pole as shown in Fig. 4.21c. 
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Key Diagnostic Features 


Cystic renal cell carcinomas (RCCs) are characterized by 
the presence of cystic areas in RCCs on images. Cystic 
areas in RCCs on images could represent massive necro- 
sis or cystic degeneration in tumors. An RCC also could 
occur in a preexisting renal cyst which is most commonly 
seen in patients with autosomal dominant polycystic kid- 
ney disease (ADPKD) or acquired renal cystic disease 
(ACKD). Another kind of cystic RCCs is multilocular 
cystic RCC, showing multiple septa with resultant multi- 
locular appearances. Nonetheless, the key points in diag- 
nosing cystic RCCs rather than renal cysts upon imaging 
are detection of the enhancing soft tissue nodules or 
masses which could be contiguous to or independent of 
the tumor walls. 


Main Differential Diagnoses 


1. Renal cysts 
Renal cysts with or without complications could be dif- 
ferentiated from cystic RCCs by the lack of enhancing 
soft tissue nodules in the cystic masses. 
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4.7 Renal Small Cell Carcinoma 


Case 17 


DISTANCE 


Fig. 4.23 


Fig. 4.24 


z112.1mm 
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Case 18 


Fig. 4.25 


Renal ultrasound, renal arteriography, and computed 
tomography (CT) images illustrate imaging findings of 
a small cell carcinoma (SmCC) at the right renal paren- 
chyma. Right renal ultrasound (Fig. 4.23) shows a 
large tumor (arrow) with heterogeneous echogenicity. 
Right renal arteriography (Fig. 4.24) shows a tumor 
(arrow) with moderate vascularity and with tortuous 
and dilated tumor vessels. Unenhanced (Fig. 4.25a) 
and enhanced (Fig. 4.25b) axial renal CT show a right 
renal tumor (arrows) with peripheral hemorrhage 
(arrowhead, Fig. 4.25a), heterogeneous density, and 
heterogeneous enhancement. Obvious necrosis in the 
tumor is noted. The normal part of the right kidney is 
displaced anteriorly and toward midline by this large 
tumor. Histological examination of surgical specimen 
of right nephrectomy reveals an SmCC of the right 
renal parenchyma. There is no evidence of an SmCC 
of the lung survey. Thus, a primary renal SmCC is 
considered. Fig. 4.27 
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4.8 Renal Sarcoma 
Renal arteriography and computed tomography (CT) 
illustrate imaging findings of a right renal parenchy- Case 19 
mal small cell carcinoma (SmCC) with spontaneous 
hemorrhage. Right renal arteriography (Fig. 4.26) 
shows a hypovascular tumor (arrows) and a space- 
occupying lesion beneath the right superior capsular 
artery (arrowhead). Unenhanced (Fig. 4.27a) and 
enhanced (Fig. 4.27b) axial renal CT show a heteroge- 
neous density tumor (arrow) with right renal subcap- 
sular hematoma due to spontaneous hemorrhage. 


Key Diagnostic Features 


Primary renal small cell carcinoma (SmCC) is rare [7]. 
Primary renal cell carcinoma could be considered only if 
there is no evidence of SmCC found in other parts of the 
body, especially of the lung. Renal SmCC could occur in 
the renal parenchyma with pure histology of SmCC or in 
the renal collecting system with mixed histology (usually 
SmCC mixed with urothelial carcinoma). Primary renal 
SmCC usually presents with bulky renal tumor which has 
heterogeneous echogenicity on ultrasound and heteroge- 
neous density on computed tomography. Hemorrhage or 
necrosis is frequently seen in renal SmCC. Primary renal 
SmCC usually has extensive local infiltration or lymph 
node metastasis of advanced tumor stage on images at 
presentation [7]. 


Fig.4.28 


A patient with renal sarcoma depicted on excretory 
urography (EU) and computed tomography (CT) show a 
left renal sarcoma. Figure 4.28, EU shows mass effect on 
renal calyces (arrow), indicating the presence of a large 
space-occupying lesion. Figure 4.29a, unenhanced axial 
CT image shows a bulky solid tumor (arrow) at the upper 
pole of the left kidney with a small calcification; in 
Fig. 4.29b, enhanced axial CT images show mildly hetero- 
geneous enhancement of the tumor (arrow) after contrast 
medium administration; and in Fig. 4.29c, enhanced coro- 
nal reformat image shows the renal tumor (arrow) protrud- 
ing laterally and superiorly (arrowheads). Note the invasion 
of the tumor at the renal sinus of the left kidney in contrast 
to the preservation of the normal renal sinus fat in the right 
kidney upon CT. 


4.8 Renal Sarcoma 


Fig. 4.29 


Key Diagnostic Features 


A renal sarcoma usually presents as a renal parenchymal bulky 
tumor with invasion to the renal sinus fat, renal collecting sys- 
tem, or perinephric space, which are better depicted by CT and 
MRI than by intravenous urogram (IVU) and sonography. In 
other words, renal sarcomas are commonly found in advanced 
stages. The loss of normal sinus fat contiguous to the tumor 
should alert the reader of the high probability of tumor invasion 
into the renal sinus. The renal sinus fat in a contralateral normal 
kidney could serve as a reference for comparison. Renal sarco- 
mas are usually solid tumors with variable degrees of heteroge- 
neous contrast enhancement, which mainly depends on the 
extent and size of necrotic parts in the tumor. Renal sarcomas are 
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relatively rare. However, when encountering a bulky renal paren- 
chymal tumor with rapid growth rate or obvious necrosis, a renal 
sarcoma should be taken into the list of differential diagnosis. 


Main Differential Diagnoses 


1. A renal cell carcinoma of advanced stage 
Renal cell carcinoma (RCC) could show as a large renal 
tumor with heterogeneous densities and with the presence 
of variable parts of hemorrhage, necrosis, and calcification. 
Meanwhile, when a renal cell carcinoma is of advanced 
stage, the tumor extent could include the renal sinus fat, 
perinephric fat, and adjacent organs as those of a typical 
renal sarcoma. If there are abundant hypervascular fea- 
tures and engorgement of supplying tumor vessels and 
drainage veins in large renal parenchymal tumors without 
visible fat on images, diagnosis of an RCC is much more 
likely than a renal sarcoma. 

2. A retroperitoneal sarcoma with renal invasion 
Retroperitoneal sarcoma usually does not invade the 
kidney. Nonetheless, a giant tumor which involves both 
renal parenchyma and extrarenal retroperitoneal space 
may raise a concern which is of renal or retroperitoneal 
origin. The location of the epicenter of a tumor may 
help in determining its origin. If the location of the epi- 
center is in the extrarenal retroperitoneal space, a retro- 
peritoneal sarcoma is more favored. On the contrary, a 
tumor with its epicenter in the kidney is probably renal 
in origin. Another point helpful for differentiation is the 
shape of the interface between the tumor and the adja- 
cent normal renal parenchyma. A beak shape of the 
adjacent normal renal parenchyma implies a tumor of 
renal origin [8]. 
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4.9 Renal Lymphoma 
Case 20 


Fig. 4.30 


Computed tomography (CT) shows renal involvement in 
a patient with B-cell lymphoma. Chest axial enhanced 
CT image (Fig. 4.30a) shows enlarged lymph nodes at 
right pulmonary hilar (arrow) and subcarina areas 
(arrowhead), respectively. Axial enhanced abdominal 
CT at the spleen level (Fig. 4.30b) shows enlarged spleen 
or splenomegaly (arrow). Axial enhanced abdomen CT 
at the right renal upper pole level (Fig. 4.30c) shows 
enlarged lymph nodes at retrocaval (arrowhead) and left 


para-aortic (arrow) areas, respectively. Axial enhanced 
abdomen CT at the right renal lower pole level 
(Fig. 4.30d) shows a homogeneous solid tumor (arrow) 
at the right kidney. Coronal enhanced abdomen CT 
(Fig. 4.30e) shows a solid nodule (arrowhead) with 
homogeneous density at midportion of the left kidney. 
Disseminated lymphoma with bilateral renal involve- 
ments is considered. B-cell lymphoma is validated by 
bone marrow biopsy. 


4.9 Renal Lymphoma 


Case 21 
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Fig. 4.31 


Computed tomography (CT) illustrates imaging 
findings of renal involvement in a patient with lym- 
phoma relapse. Enhanced axial (Fig. 4.31a, b) and 
coronal CT (Fig. 4.31c) images show a large tumor 
(arrows) occupying the right renal upper pole and mid- 
portion with homogeneous density. Multiple enlarged 
lymph nodes (arrowheads) at retrocaval areas are 
noted. The patient has been diagnosed with lymphoma 
4 years ago. 


Key Diagnostic Features 


Renal lymphoma typically presents as multiple renal masses 
in both kidneys, renal invasion by contiguous retroperitoneal 
tumor, solitary renal mass, bilateral renal enlargement with- 
out discrete nodules, and perinephric lesion on computed 
tomography (CT) [9]. Renal lymphoma usually occurs as a 
manifestation of systemic lymphoma with multiorgan or mul- 
tiple-site involvement [9]. Renal lymphoma is also commonly 


seen in patients with lymphoma relapse [9]. Primary renal 
lymphoma is extremely rare [9, 10]. Renal lymphomas 
appearing as discrete masses or nodules are typically homo- 
geneous by densities on both unenhanced and enhanced CT 
[9]. Renal lymphoma usually has mild enhancement which 
reflects its hypovascular nature [10]. Retroperitoneal lymph- 
adenopathy is common which could be found in 50 % of 
renal lymphoma patients [9]. On ultrasound, renal lymphoma 
usually shows hypoechoic mass or renal enlargement [9, 10]. 
On magnetic resonance imaging, renal lymphoma typically 
shows low to intermediate signal intensity on both T1- and 
T2-weighted images as well as mild heterogeneous enhance- 
ment [10]. Renal lymphoma has been reported to show water 
restriction on diffusion-weighted image of MRI [10]. Overall, 
ultrasound is less sensitive than enhanced CT in diagnosing 
renal lymphoma, and enhanced CT is the most commonly 
used imaging tool in evaluating renal lymphoma [10]. MRI 
serves as a complimentary tool for renal lymphoma when 
patients have concerns of radiation exposure or allergy to 
iodinated contrast medium [10]. Renal biopsy under image 
guidance is useful to establish the histological diagnosis of 
primary renal lymphoma [10]. 
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4.10 Primitive Neuroectodermal Tumor 
(PNET) of the Kidney 


Case 22 


Study Time TZD 


Renal ultrasound and computed tomography (CT) 
show a primitive neuroectodermal tumor (PNTE) of 
the left kidney. Right renal ultrasound (Fig. 4.32) 
shows a large tumor (arrow) in the right kidney with 
heterogeneous echogenicity. Unenhanced (Fig. 4.33a) 
and enhanced (Fig. 4.33b) axial CT show this renal 
tumor (arrows) involving both renal parenchyma and 
renal pelvis. There is left renal vein thrombosis (arrow- 
head). The tumor shows a cystic appearance with 
solid-enhancing parts. Left radical nephrectomy 
reveals a PNET on histological examination. 


Fig. 4.32 


Fig. 4.33 


4.10 Primitive Neuroectodermal Tumor (PNET) of the Kidney 163 


Case 23 


Fig. 4.34 


Renal computed tomography (CT) and magnetic reso- 
nance imaging (MRI) show a primitive neuroectoder- 
mal tumor (PNTE) of the right kidney. Unenhanced 
(Fig. 4.34a) and enhanced (Fig. 4.34b) renal CT images 
show a solid and huge tumor (arrows) of the right kid- 
ney. There is a cystic part at the periphery of the tumor. 
Unenhanced axial Tl-weighted image of MRI 
(Fig. 4.35a) shows lower signal intensity of the tumor 
(arrow) as compared to the left renal cortex. Enhanced 
T1 fat-suppressed image of MRI (Fig. 4.35b) shows 
heterogeneous enhancement of this tumor. A periph- 
eral part of this tumor shows high signal intensity on 
Tl-weighted and no enhancement after contrast 
administration, compatible with hemorrhage. 


Key Diagnostic Features 


Primitive neuroectodermal tumor (PNET) of the kidney is a 
rare and aggressive tumor, usually found in young adults [11]. 
They usually present as a large renal tumor with heteroge- 
neous enhancement and cystic areas upon computed tomog- 
raphy (CT) [11]. On magnetic resonance imaging, they may 
appear as hypointense masses relative to the renal cortex on 
T1-weighted images and heterogeneous signal intensity on 
T2-weighted images as well as heterogeneous enhancement 
[11, 12]. Variable echogenicity of renal PNET has been 
reported as an isoechoic or hyperechoic mass [11] or a 
hypoechoic tumor shown in Case 22. Hemorrhage and necro- 
sis are common in renal PNET [11]. Nonetheless, all these 
imaging findings are nonspecific for diagnosing renal PNET. 
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4.11 Renal Metastasis 


Case 24 


Serial computed tomography (CT) images show renal 
metastasis from lung cancer before and after treatment. 
Enhanced chest CT image (Fig. 4.36a) shows a tumor at 
the left upper lobe of the lung, compatible with lung 
cancer. Lung biopsy proves it as an adenocarcinoma. 
Enhanced coronal renal CT image (Fig. 4.36b) shows 
two renal metastatic tumors at the right (arrow) and left 
renal upper poles, respectively. Enhanced axial renal CT 
image (Fig. 4.36c) at the left renal midportion shows a 
left renal metastatic tumor (arrowhead) with minimal 
heterogeneous density. Enhanced axial renal CT image 
at right renal midportion (Fig. 4.36d) shows a right renal 
tumor (arrow) with homogeneous density less than nor- 
mal renal parenchyma, consistent with renal metastasis. 
There is concurrent adrenal metastasis found on CT 
images (not shown). Follow-up enhanced axial renal CT 
image done 7 months later after chemotherapy for lung 
cancer (Fig. 4.37) shows decreased sizes of the two met- 
astatic tumors at the right (arrow) and left (arrowhead) 
renal upper poles, respectively. Other renal metastatic 
tumors decreased in sizes as well (not shown). These 
findings support the diagnosis of renal metastasis. 


Fig. 4.37 


442 Renal Angiomyolipomas With Detectable or Abundant Fat 
Key Diagnostic Features 


Renal metastasis could come from malignancies of other 
organs, including lung cancer, gastric cancer, melanoma, etc. 
[13]. Renal metastasis is usually asymptomatic and inciden- 
tally found on imaging for staging of other malignancies 
[13]. On computed tomography (CT), renal metastasis usu- 
ally presents as a small solid tumor with endophytic growth 
(i.e., confined in the kidney without protruding appearance) 
[13]. Renal metastasis is usually accompanied by metastasis 
of other sites [13]. The higher the stage of the primary malig- 
nancy, the more likely the renal metastasis occurs [13]. Renal 
metastasis could involve both kidneys, but metastasis to one 
kidney is more common [13]. 


Main Differential Diagnosis 


1. Synchronous primary renal tumor in a patient with nonre- 
nal malignancy 
Double or even triple cancers become more common in 
the advent of modern imaging technology. More and 
more malignancy is discovered incidentally on images, 
which could be either another primary site or a metasta- 
sis. In patients with nonrenal malignancy, synchronous 
primary renal tumors are associated with exophytic 
growth and presence of cystic or necrotic area in the 
tumors [13]. 
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4.12 Renal Angiomyolipomas 
With Detectable or Abundant Fat 


Case 25 


Unenhanced computed tomography (CT) of the kidney 
shows renal angiomyolipomas having variable detect- 
able fat in three patients. Figure 4.38, unenhanced 
axial renal CT of a patient shows a left renal angio- 
myolipoma (arrow). Nearly all of this renal angiomyo- 
lipoma is of fatty density. The fat density in this tumor 
is similar to the fat density in retroperitoneal and sub- 
cutaneous areas. 
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Case 26 


Fig.4.39 


Renal computed tomography (CT) and ultrasound 
(US) show typical imaging characteristics of a renal 
angiomyolipoma with abundant fat. Figure 4.39, axial 
renal CT of unenhanced image (Fig. 4.392), enhanced 
corticomedullary phase (Fig. 4.39b), and enhanced 
nephrogenic phase (Fig. 4.39c) shows a left renal 
tumor (arrows) having fatty and soft tissue parts. Note 
that the fat density in this tumor is most evident on 
unenhanced CT image. Figure 4.40, renal US shows 
this renal angiomyolipoma, presenting as a hyper- 
echoic tumor (arrow). 
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Case 27 


Fig. 4.41 


Renal magnetic resonance imaging (MRI) shows a intensity part has signal drop (i.e., decreased signal 
renal angiomyolipoma presenting as a fatty mass. MRI intensity) on Tl-weighted fat-suppressed image 


images show a mass of the right renal upper pole. (Fig. ) and out-of-phase image (Fig. ), which 
This mass has internal high signal intensity part (arrow- suggests its nature as fat. After contrast medium admin- 
head) on both Tl-weighted image (Fig. ) istration, this tumor (arrow) has a heterogeneous 


and T2-weighted image (Fig. ). The high signal enhancement (Fig. ). 
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Key Diagnostic Features 


The imaging diagnosis of renal angiomyolipomas relies 
mostly on the fat detection in the tumors. Renal angiomyoli- 
pomas are tumors composed of fat, vessels, and muscles. 
The fat content of each renal angiomyolipoma varies consid- 
erably. On renal US, an angiomyolipoma with abundant fat is 
typically hyperechoic in appearance. On MRI, the diagnosis 
of fat depends on fat-suppression pulse sequences because 
there are a variety of tissues with high signal intensity 
appearances on both T1-weighted image and T2-weighted 
image, similar to those of fat. On the other hand, the fat has 
a characteristic density on computed tomography (CT), 
which is lower than the density of water and higher than that 
of air. This CT characteristic of the fat makes it easily dif- 
ferentiated from other tissues. If a renal angiomyolipoma has 
a sufficient amount of fat, it is usually easy to detect its 
intratumoral fat by visual depiction. If the presence of intra- 
tumoral fat could not be ascertained by visual inspection, 
further measurement of the region of interest of the lowest 
density part of the tumor could be done on CT. The fat has a 
measured mean density lower than -10 Hounsfield units 
upon CT. Generally speaking, about 95 96 of renal angio- 
myolipomas have detectable fat on CT. Therefore, by fat 
detection in a renal tumor on CT, a diagnosis of renal angio- 
myolipoma could be confidently made. 
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4.13 Renal Angiomyolipomas 
With Minimal or Undetectable Fat 


Case 28 


Fig. 4.42 


Renal computed tomography (CT) shows a typical 
renal angiomyolipoma with minimal fat. Figure 4.42a, 
unenhanced axial renal CT image shows a mass lesion 
of homogeneous high density (arrow) relative to nor- 
mal parenchyma. Figure 4.42b, enhanced axial renal 
CT image shows homogeneous enhancement of this 
mass (arrow) after contrast medium administration. 
This mass has mass effect on the adjacent renal 
calyces. 
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Case 29 Case 30 


Renal computed tomography (CT) shows a left renal 
exophytic angiomyolipoma with minimal fat. 
Unenhanced (Fig. 4.43a) and enhanced (Fig. 4.43b) 
axial CT images show a small exophytic renal tumor 
(arrows) without detectable fat. This tumor is isodense 
to the right renal normal parenchyma on unenhanced 
CT and is homogeneously hypodense to the right renal 
normal parenchyma on excretory phase of enhanced 
CT. There is a left renal cyst. This patient has a concur- Fig. 4.44 
rent renal cell carcinoma (not shown). Histological 
examination of right nephrectomy specimen shows 
this small renal angiomyolipoma in addition to renal 
cell carcinoma. 


Fig. 4.45 
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Renal enhanced computed tomography (CT) and renal 
angiography shows an exophytic renal angiomyoli- 
poma with no detectable fat and atypical features. 
Coronal enhanced (Fig, 4.44a), axial unenhanced 
(Fig. 4.44b), and axial enhanced (Fig. 4.44c) CT images 
show a mixed cystic and solid tumor (arrow) with mini- 
mal renal cortex involvement (arrowhead). Right renal 
arteriography (Fig. 4.45) shows multiple renal penetrat- 
ing arteries as tumor vessels (arrowheads) of this 
tumor. Histological examination of biopsy specimen of 
this tumor reveals an angiomyolipoma. 


Key Diagnostic Features 


Some renal angiomyoliopmas could show no detectable fat on 
CT, which are called renal angiomyolipomas with minimal fat. 
However, if there is absence of detectable fat in a renal tumor, 
there is a long list of differential diagnoses such as renal cell 
carcinomas and oncocytomas, in addition to renal angiomyoli- 
pomas with minimal fat. In the literature, renal angiomyolipo- 
mas with minimal fat have been reported as homogeneous high 
density on unenhanced CT, homogeneous enhancement, and 
low signal intensity on T2-weighted image of magnetic reso- 
nance imaging. When a renal tumor has these typical features, 
a diagnosis of renal angiomyolipoma with minimal fat should 
be taken into the differential diagnosis, which needs to be con- 
firmed by subsequent histological examination of tumor biopsy. 
Nonetheless, renal cell carcinomas could show similar features 
on images as well. In addition, renal angiomyolipomas with 
minimal fat could have atypical imaging findings as mixed cys- 
tic and solid mass or a heterogeneous solid tumor. When angio- 
myolipomas present with no detectable fat and atypical 
findings, it would be difficult to have a correct diagnosis based 
on images alone. Renal biopsy of this mass is usually necessary 
to obtain specimens for histological proof. Therefore, familiar- 
ity of the typical imaging findings of renal angiomyolipomas 
with minimal fat may alert the readers of this possibility; a sub- 
sequent biopsy of this tumor is required for making a definite 
diagnosis. 
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4.14 Exophytic Renal Angiomyolipomas 


Case 31 


Fig. 4.46 


Renal computed tomography (CT) shows a left renal 
exophytic angiomyolipoma. Unenhanced (Fig. 4.46a) 
and enhanced (Fig. 4.46b) axial CT images show a left 
renal angiomyolipoma (arrows) with posterior exo- 
phytic growth. Note that the epicenter of this round 
tumor is outside the reniform confinement. 
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Case 32 Case 33 


Fig.4.47 


Renal computed tomography (CT) shows a left renal 
angiomyolipoma with exophytic growth. Unenhanced 
(Fig. 4.47a) and enhanced (Fig. 4.47b) axial CT as well 
as enhanced coronal CT images show a fatty tumor 
(arrows) with a small part of renal involvement (arrow- 
heads), which implies its nature as an exophytic renal 
tumor. 


Fig. 4.48 


Renal enhanced computed tomography (CT) shows the 
detection of an exophytic renal angiomyolipoma influ- 
enced by window setting. The exophytic renal tumor 
(arrows) has a tiny renal parenchymal involvement, pre- 
senting as a small parenchymal defect replaced by fatty 
density (arrowhead, Fig. 4.482). The extent (arrows) of 
this exophytic tumor is better depicted on a wide window 
setting (Fig. 4.48c) than on an ordinary abdomen win- 
dow setting (Fig. 4.48b). 
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Key Diagnostic Features 4.15 Renal Angiomyolipomas 
With Spontaneous Bleeding 
The diagnosis of exophytic renal angiomyolipoma on images 
is made by the depiction of an angiomyolipoma which is not Case 34 
confined in the kidney but has exophytic growth. An angio- 
myolipoma typically has imaging characteristics of intrare- 
nal fatty part and detectable intratumoral vascularity on 
computed tomography (CT) or magnetic resonance imaging 
(MRI). An exophytic renal angiomyolipoma could have vari- 
able sizes of renal involvement. Because renal angiomyoli- 
pomas are fatty tumors, the site of renal involvement of an 
exophytic renal angiomyolipomas is typical of fatty density 
[14]. If the renal involvement of an exophytic angiomyoli- 
poma is subtle, it needs thin section thickness of computed 
tomography or magnetic resonance image for its detection. 
The readers also need to do an extra effort to search this 
parenchymal defect on all axial, coronal, and sagittal planes. 
The presence of tumor vessels from the interface of the 
kidney and the exophytic angiomyolipoma also helps in rec- 
ognizing the parenchymal defect [14]. On the other hand, if 
there is absence of renal parenchymal fatty defect in the pres- 
ence of fatty tumor contiguous to the kidney, there are other 
differential diagnoses including perinephric liposarcomas or 
rare extrarenal perinephric angiomyolipomas [14]. In addi- 
tion, because exophytic renal angiomyolipomas are typically 
surrounded by the perinephric fat, it means the readers have 
to pick up a fatty tumor in a background of fatty tissue. Thus, 
it could sometimes be difficult to identify the presence of an 
exophytic renal angiomyolipoma. A wide window setting 
(i.e., higher window number than usual) on CT could aid in 
its detection. In summary, identification of a fatty tumor with 
obvious intratumoral vascularity and renal involvement but 
its epicenter outside the renal parenchyma suggests the diag- 
nosis of an exophytic renal angiomyolipoma. Computed tomography (CT) images show a ruptured 
renal angiomyolipoma with active bleeding. 
Figure 4.49a, enhanced axial CT image shows a mas- 
sive right retroperitoneal hematoma (white arrow) and 
vascular contrast medium extravasation (white arrow- 
head) from a fatty tumor (black arrow). Note that 
there are multiple tumor vessels in this fatty tumor. 
Figure 4.49b, enhanced axial CT of the right kidney 
shows this fatty tumor (black arrow) originating from 
the right kidney. Similar to Fig. 4.49a, there is linear 
contrast medium extravasation (white arrowhead) in 
the right retroperitoneal hematoma. 
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Case 35 


Fig. 4.50 


Renal computed tomography (CT) shows left retroperi- 
toneal hematoma due to a left renal angiomyolipoma 
bleeding. Figure 4.50a, unenhanced CT of left renal 
hilar level shows left retroperitoneal hematoma (white 
arrow) surrounding a fatty tumor (black arrow). There is 
a small angiomyolipoma (white arrowhead) in the right 
kidney. Figure 4.50b, unenhanced CT at the left renal 
lower pole level shows a fatty tumor (black arrow) with 
massive left retroperitoneal hematoma (white arrow), 
which is isodense to the left renal parenchyma. 


Figure 4.50c, enhanced CT of the left renal hilar tumor 
shows the left renal exophytic angiomyolipoma (black 
arrow) enveloping the left renal artery with left retro- 
peritoneal hematoma (white arrow) and coexisting small 
right renal angiomyolipoma (white arrowhead). 
Figure 4.50d, enhanced CT of the left renal lower pole 
shows active bleeding of this fatty tumor (white arrow), 
presenting as contrast medium pooling, which explains 
the presence of left retroperitoneal hematoma (white 
arrow). 


Case 36 


Fig.4.52 


Renal enhanced computed tomography (CT) and renal 
arteriography shows active bleeding of a right renal 
angiomyolipoma. Figure 4.51, enhanced CT shows a 
heterogeneous density hematoma (arrow) in the right 
renal location. Figure 4.52, right renal arteriography 
shows contrast medium extravasation (arrow) at the 
right renal upper pole. Note there is no detectable fat 
on CT image. Nonetheless, subsequent right partial 
nephrectomy provides histological evidence of right 
renal angiomyolipoma at the upper pole. 


4 RenalParenchymal Neoplasms 
Key Diagnostic Features 


Spontaneous hemorrhage or hemorrhage after subtle trauma is 
acommon finding of a renal angiomyolipoma. There is absence 
of elastic lamellae of the blood vessels in an angiomyolipoma, 
responding for its hemorrhagic tendency. The hemorrhage 
could be confined in the tumor itself or, more commonly, rup- 
tured into the adjacent retroperitoneal space. The patients may 
present with flank pain, anemia, or even shock in the episode of 
an angiomyolipoma hemorrhage. On enhanced CT, CT angi- 
ography, or conventional renal arteriography, vascular contrast 
medium extravasation is a confident sign suggesting active 
bleeding. Most renal angiomyolipomas with hemorrhage have 
detectable fat part in the tumor despite the presence of a hema- 
toma. Occasionally, the fatty part of renal angiomyolipomas 
becomes undetectable on CT due to an obscured effect of 
hematoma. Renal cell carcinoma or other uncommon renal 
neoplasms with hemorrhage should be taken into differential 
diagnoses in this situation. On the other hand, identification of 
a fatty tumor with visible intratumoral vascularity and ipsilat- 
eral retroperitoneal hematoma on images implies the diagnosis 
of an angiomyolipoma with hemorrhage. 
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4.16 Renal Angiomyolipomas 
with Aneurysmal Dilatation 
of Tumor Vessels 


Case 37 


Fig. 4.53 


Fig.4.54 


Renal arteriography and computed tomography (CT) 
images show a right renal angiomyolipoma with aneu- 
rysmal dilatation of a tumor vessel. Figure 4.53, right 
renal arteriography shows an aneurysmal dilatation 
(arrow) of a tumor at midportion of the right kidney. 
Note the tumor vessels (arrowheads) of this tumor. 
Figure 4.54a, b, two contiguous axial enhanced CT 
images show a right renal angiomyolipoma at the ante- 
rior part of midportion. This tumor has a fatty part 
(arrows) and a cystic part with an aneurysmal dilata- 
tion (arrowheads) of tumor vessels. There is absence 
of right retroperitoneal hematoma. 
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Case 38 


Fig.4.55 


Fig. 4.56 
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Renal computed tomography (CT) and renal arteriog- 
raphy illustrate imaging findings of a patient with 
tuberous sclerosis complex, who has aneurysmal dila- 
tations of tumor vessels in renal angiomyolipomas. 
Figure 4.55, unenhanced renal CT shows numerous 
small fatty nodules (arrowheads) in both kidneys and 
liver, consistent with angiomyolipomas. There is left 
retroperitoneal ^ posterior hematoma (arrow). 
Figure 4.56, left renal arteriography shows multiple 
aneurysmal dilatations (arrowheads) of variable sizes 
of tumor vessels in angiomyolipomas at the upper and 
lower poles of the left kidney, respectively. 


Key Diagnostic Features 


Aneurysmal dilatations of tumor vessels in angiomyolipo- 
mas are a famous characteristic finding. The absence of elas- 
tic lamellae in the blood vessels of renal angiomyolipomas 
explains for the common presence of aneurysmal dilatations. 
Aneurysmal dilatations of tumor vessels typically appear as 
round or oval contrast opacification areas. Renal arteriogra- 
phy is a conventional imaging modality which is able to 
depict aneurysmal dilatations of tumor vessels. With the 
advent of modern imaging technology, computed tomogra- 
phy angiography and magnetic resonance angiography also 
have the ability to demonstrate aneurysmal dilatations of 
tumor vessels in renal angiomyolipomas. Aneurysmal dilated 
tumor vessels are also possibly identified on enhanced com- 
puted tomography and magnetic resonance image, if they are 
of large sizes. In encountering a fatty tumor on images, the 
recognition of aneurysmal dilated tumor vessels leads to a 
confident diagnosis of an angiomyolipoma. 


Main Differential Diagnoses 


1. Vascular contrast medium extravasation (please refer 
to 4.4) 
Vascular contrast medium extravasation usually shows 
irregular contrast medium-opacified areas on images. As 
vascular contrast medium extravasation on images reflects 
active bleeding, their opacified areas and densities would 
vary on different phases (timing) after contrast medium 
administration. In addition, the presence of retroperito- 
neal hematoma supports the diagnosis of vascular con- 
trast medium extravasation as well. 


4.17 Renal Angiomyolipomas with IVC 
Thrombosis or Distant Metastasis 


Case 39 


Fig.4.57 


Renal computed tomography (CT) images show a left 
renal angiomyolipoma with minimal fat and tumor 
thrombosis in the inferior vena cava (IVC). Enhanced 
coronal (Fig. a), unenhanced axial (Fig. ), and 
enhanced axial (Fig. ) CT images show a huge left 
renal tumor with multiloculated and mixed cystic and 
solid appearance (white arrows). This tumor occupies 
nearly the whole left kidney with the remaining normal 
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part at the left renal lower pole (black arrowhead, 
Fig. a). There is thrombosis (arrowheads) inside the 
IVC, which has similar density to the cystic part of the 
tumor. Histological examination of left radical nephrec- 
tomy and resection of IVC thrombosis shows epithelioid 
angiomyolipoma with malignant potential and small 
amount of fat. Nonetheless, the patient is uneventful at 
last follow-up 6 years later. 
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Renal magnetic resonance imaging (MRI) and follow- 
up computed tomography (CT) study show a patient 
with malignant renal angiomyolipoma of the liver and 
left adrenal metastases 18 months after nephrectomy. 
Figure 4.582, axial Tl-weighted (T1 WI) MRI shows a 
left renal tumor (arrow) with mixed high (arrowheads) 
and intermediate signal intensity areas. Figure 4.58b, 
axial T1 fat-suppression (TIFS) MRI shows some 
decreased signal intensity areas (arrowheads) as com- 
pared to those high signal intensity areas on TIWI of 
this renal tumor. This finding suggests this tumor is a 
fatty tumor. Histological examination of left nephrec- 
tomy specimen shows a left renal epithelioid angiomyo- 
lipoma. Figure 4.58c, axial T1FS-enhanced MRI shows 
heterogeneous enhancement of this fatty tumor (arrow). 
Figure 4.59, follow-up abdominal CT image (18 months 
later after left nephrectomy) shows multiple hepatic 
metastatic nodules and left adrenal metastasis (arrow). 
Biopsy of a hepatic metastatic nodule shows liver metas- 
tasis of a malignant epithelioid angiomyolipoma. 


Fig. 4.59 


4.18 Renal Oncocytomas 
Key Diagnostic Features 


Renal angiomyolipoma with thrombosis in the inferior vena 
cava (IVC) is a rare situation. The imaging diagnosis of IVC 
thrombosis is made basically by identification of filling 
defects inside the opacified IVC lumen after contrast medium 
administration on computed tomography or magnetic reso- 
nance imaging. Although IVC thrombosis is usually consid- 
ered as one kind of clinical aggressive behavior, the patient 
with renal angiomyolipomas with IVC thrombosis may be 
uneventful on follow-up. On the other hand, malignant angio- 
myolipoma is even rarer and has been mainly reported in case 
reports in the literature. Malignant renal angiomyolipomas 
are almost exclusively reported in epithelioid angiomyolipo- 
mas. Nonetheless, the imaging findings of fat content and 
characteristics are variable as shown in the above two patients 
and also reported in recent studies of small series of epitheli- 
oid angiomyolipoma patients. Thus, there remains no consen- 
sus of imaging signs which could suggest the rare malignant 
nature of a renal angiomyolipoma. On the other hand, renal 
angiomyolipoma with histological diagnosis of its subtypes 
as epithelioid angiomyolipomas may need close follow-up of 
images for possible recurrence or distant metastasis. 


Main Differential Diagnoses 


1. Renal cell carcinomas or sarcomas of IVC thrombosis or 
metastasis 
Renal cell carcinomas (RCCs) or sarcomas of advanced 
stage could have IVC thrombosis or distant metastasis on 
images. Generally speaking, IVC thrombosis and distant 
metastasis are more common in renal cell carcinomas or 
renal sarcomas than in renal angiomyolipomas. The dif- 
ferentiation of rarely encountered renal angiomyolipomas 
with minimal fat and IVC thrombosis from RCCs or sar- 
comas is extremely difficult by images alone due to their 
similar imaging features. 


4.18 Renal Oncocytomas 


Case 41 


Fig. 4.60 


Renal ultrasound (Fig. 4.60) and computed tomogra- 
phy (CT) (Fig. 61a-d) show imaging features of a left 
renal oncocytoma. Left renal ultrasound shows a tumor 
(arrow) at the left renal upper pole with mildly higher 
echogenicity than that of renal parenchyma (Fig. 4.60). 
Unenhanced axial CT (Fig. 4.61a) shows a tumor 
(arrow) with similar density to that of renal paren- 
chyma and mild renal contour change. Enhanced axial 
CT of corticomedullary phase (Fig. 4.61b) shows obvi- 
ous enhancement of this tumor (arrow) having a cen- 
tral scar (arrowhead). Enhanced axial (Fig. 4.61c) and 
coronal (Fig. 4.61d) CT images of excretory phase 
show de-enhancement of this tumor (arrows) with 
stretching of the adjacent left renal upper calyces. 
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Renal computed tomography (CT) illustrates imaging 
findings of a left renal large oncocytoma. Enhanced 
axial renal CT images of nephrographic phase 


(Fig. 4.62a) and excretory phase (Fig. 4.62b) show a 
large renal tumor (arrows) with characteristic spoke- 
wheel-enhancing pattern (arrowhead, Fig. 4.62a). The 


tumor becomes less enhanced with homogeneous den- 
sity at excretory phase. 


Fig. 4.61 


4.19 Renal Hemangioma 


Key Diagnostic Features 


Renal oncocytomas have a wide variety of imaging appear- 
ance on ultrasound, computed tomography (CT) and 
magnetic resonance imaging (MRI) [15]. Two imaging 
characteristics of renal oncocytomas are well known. Renal 
oncocytomas are characterized by the presence of central 
scar in the tumor shown on computed tomography (CT). 
A central scar often appears as cleft or stellate. Another 
imaging characteristic of renal oncocytomas is a spoke- 
wheel-enhancement appearance which means radiating 
tumor vessels from the periphery to the tumor center which 
are parallel to each other. Spoke-wheel appearance is tradi- 
tionally shown on angiography; however, it is sometimes 
detectable on arterial or corticomedullary phase of CT. 
Nonetheless, some renal cell carcinomas (RCCs) could 
show similar imaging characteristics as those of renal onco- 
cytomas, which are the so-called “oncocytic” RCCs. Renal 
oncocytomas have the highest enhancement of corticome- 
dullary phase on CT, similar to but less than that of clear cell 
RCCs [2]. Preoperative definite diagnosis of renal oncocy- 
tomas by CT or MRI remains difficult and challenging. 
Furthermore, the differential diagnosis of renal oncocyto- 
mas from renal cell carcinomas by renal biopsies could not 
be confidently achieved in every case [15]. On the other 
hand, renal biopsies could help in diagnosing oncocytic 
RCCSs [15]. 


4.19 Renal Hemangioma 


Case 43 


Fig. 4.63 
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Renal computed tomography (CT) shows a right renal 
cavernous hemangioma. Unenhanced renal axial CT 
(Fig. 4.63a) shows poor visualization of the tumor 
(arrow) for its isodense to normal renal parenchyma. 
Enhanced renal axial CT of late corticomedullary 
phase (Fig. 4.63b) shows conspicuous visualization of 
this small tumor (arrow) at the renal medulla by its 
heterogeneous enhancement and high contrast to nor- 
mal renal parenchyma. Enhanced axial (Fig. 4.63c) 
and coronal (Fig. 4.63d) CT images of excretory phase 
show this tumor (arrows) becoming homogeneous in 
density, slighter lower than normal renal parenchyma. 
Renal biopsy of this tumor reveals a cavernous heman- 
gioma. The patient undergoes a follow-up CT 
18 months later without interval change of tumor size 
and extent. 


Key Diagnostic Features 


Renal hemangioma is a rare benign tumor and about 200 cases 
have been reported [16]. Cavernous hemangioma is more com- 
mon than capillary hemangiomas found in the kidneys [16]. 
Renal hemangioma could be found in many locations of the 
kidney, including papillary tip, medulla, parenchyma, and cap- 
sule [17]. On images, renal hemangiomas are usually solitary 
tumors of small sizes of 1-2 cm, although giant tumor up to 
10 cm has been encountered [16-18]. On computed tomogra- 
phy, renal hemangiomas usually present as soft tissue density 
tumors with heterogeneous enhancement [16]. On magnetic 
resonance imaging, renal cavernous hemangioma has been 
reported as hypointense on T1-weighted image and predomi- 
nant hyperintensity mass with visible flow void areas by vascu- 
lature on T2-weighted images [18]. On ultrasound, renal 
hemangioma presents as a hyperechoic or isoechoic mass [16— 
18]. Renal hemangioma is usually diagnosed postoperatively 
by its nonspecific findings on images. Renal biopsy might be 
helpful for establishing its histological diagnosis. 


4 Renal Parenchymal Neoplasms 
4.20 Renal Leiomyoma 


Case 44 


Fig. 4.64 


Fig. 4.65 


Renal arteriography and computed tomography (CT) 
show a right renal capsular leiomyoma. Right renal arte- 
riography (Fig. 4.64) shows a hypervascular tumor 
(arrow) located between right renal parenchyma and 
right renal capsule (indicated by right capsular arterial 
course) with a characteristic lenticular shape. Enhanced 
axial renal CT (Fig. 4.65) shows this renal tumor 
(arrows) with homogeneous enhancement except a 
small part and without renal parenchymal involvement. 
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Case 45 


Fig. 4.66 


Renal ultrasound and computed tomography (CT) 
show a right renal parenchymal leiomyoma. Right 


renal ultrasound (Fig. 4.66) shows a well-defined and 
hypoechoic mass (arrow) of the right kidney. 
Unenhanced axial renal CT (Fig. 4.67a) shows homo- 


geneous density, higher than normal renal parenchyma, 
of this renal tumor (arrow). Enhanced axial renal CT 
images of corticomedullary phase (Fig. 4.67b) and 
excretory phase (Fig. 4.67c) show homogeneous 
enhancement of this tumor (arrows), lower than nor- 
mal parenchyma on both phases. 


Fig. 4.67 


Key Diagnostic Features 


Renal leiomyoma is a rare tumor clinically although it is fre- 
quently found in autopsy [19, 20]. Renal leiomyoma could 
occur in capsular, parenchyma, or pelvis locations [20]. On 
images, renal leiomyomas usually present as solid tumors, 
although they could have cystic degeneration as well [20]. Renal 
leiomyomas are more common in women [20]. On computed 
tomography, renal leiomyomas are usually well defined and 
homogeneously enhanced less than normal parenchyma. When 
a renal leiomyoma is located in capsular location, its character- 
istic finding of lenticular shape and capsular location might sug- 
gest the diagnosis of a renal capsular leiomyoma [19]. 
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4.21 Wilms' Tumor Case 47 


Case 46 


Fig. 4.69 


Fig. 4.68 


Renal computed tomography (CT) shows an adult 


Renal computed tomography (CT) shows a Wilms’ 
tumor of the right kidney in a 3-year-old boy. 
Unenhanced (Fig. 4.68a) and enhanced (Fig. 4.68b) 
axial CT show a right renal tumor (arrows) with het- 
erogeneous density both before and after contrast 
medium administration. There are cystic areas within 
this tumor. 


Wilms’ tumor of the right kidney. Unenhanced axial 
renal CT image (Fig. 4.69a) shows a large right renal 
tumor (arrow) replacing nearly the whole right kidney. 
Enhanced axial renal CT image (Fig. 4.69b) shows 
heterogeneous enhancement of this tumor (arrow) 
with obvious cystic area. The enhancement of this 
tumor is less than that of normal renal parenchyma. 


4.22 Mesoblastic Nephroma 
Key Diagnostic Features 


In children older than 1 year old, the most common renal 
malignancy is Wilms' tumor [21]. The peak incidence of 
Wilms' tumor is about 3 years old [21]. Wilms' tumor typ- 
ically shows a mixed solid and cystic tumor with obvious 
cystic parts on images [21]. Thus, on ultrasound, Wilms’ 
tumor typically presents a tumor of mixed hyperechoic and 
anechoic areas [21]. On computed tomography, Wilms' 
tumor typically has heterogeneous enhancement less than 
that of normal parenchyma with enhancing solid parts and 
non-enhancing cystic parts [21]. The cystic parts of Wilms” 
tumor on images could be explained by variable degrees of 
necrosis on histological examination [21]. Hemorrhage is 
also a common finding in Wilms” tumor. Bilateral renal 
involvement occurs in about 10 % of Wilms” tumor [21]. 
Unlike Wilms' tumor in children, adult Wilms' tumor is 
uncommon. The imaging findings of adult Wilms’ tumor 
could be similar to those found in children. Nonetheless, 
preoperative diagnosis of adult Wilms' tumor by images is 
usually difficult because renal cell carcinomas could show 
similar findings and are much more common in adults. 
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4.22 Mesoblastic Nephroma 


Case 48 


Fig. 4.70 


Renal computed tomography (CT) shows a mesoblas- 
tic nephroma in a 2-day-old female neonate. 
Unenhanced axial (Fig. 4.702) and coronal (Fig. 4.70b) 
renal CT show a huge right renal tumor (arrow) occu- 
pying the right abdomen with mixed cystic and soft 
tissue densities. Right nephrectomy reveals histologi- 
cal evidence of mesoblastic nephroma of this tumor. 
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Key Diagnostic Features 


Mesoblastic nephroma is the most common renal tumor in 
neonates, usually younger than 6 months [22]. Mesoblastic 
nephroma has a nonspecific imaging findings including 
solid, cystic, or mixed solid and cystic lesion [22]. Therefore, 
mesoblastic nephroma could not be differentiated from 
Wilms' tumor by imaging features alone. Nonetheless, the 
occurrence of a renal tumor in neonatal period favors the 
diagnosis of mesoblastic nephroma rather than Wilms” tumor 
by their different peak age distributions. 
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Lesions of the Urinary Tract 
and Renal Sinus 


5.1 Renal Calyceal Calculi 


Case 1 


Plain radiograph of the kidney, ureter, and bladder 
(KUB) shows two left renal calculi. Figure 5.1, KUB 
shows one radiopaque foci (white arrowhead) at the 
left renal upper pole, consistent with left renal upper 
calyceal calculus. Another smaller radiopaque lesion 
(black arrowhead) at the left renal lower pole is shown 
as left renal lower calyceal calculus. 


Fig. 5.1 
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Case 2 Case 3 


Fig. 5.4 


Computed tomography (CT) shows imaging findings 
of a left renal calyceal calculus. Figure 5.2a, unen- 
hanced CT image shows a calyceal calculus (arrow) 
showing high density. Figure 5.2b, enhanced CT image 
at corticomedullary phase shows visualization of this 
calyceal calculus (arrow) which is less conspicuous 
than that on Fig. 5.2a, c, enhanced CT image at excre- 
tory phase shows opacification on the left renal calyces 
by contrast medium with resultant obscuration of the 
calyceal calculus. 


5.1 


Renal Calyceal Calculi 


Renal ultrasound (US), excretory urography (EU), and 
computed tomography show imaging findings of a 
radiolucent renal calyceal calculus. Figure 5.3, renal 
US shows a hyperechoic foci (arrow) with some 
acoustic shadowing at renal calyx, consistent with 
renal calyceal calculus. Figure 5.4a, magnification 
view of the kidneys of EU before contrast medium 
administration shows no visible radiopaque calculus of 
both kidneys. Figure 5.4b, EU magnification view of 
the kidneys at 10 min after contrast medium adminis- 
tration shows a filling defect (arrow) at the left renal 
lower calyx. Figure 5.5a, unenhanced CT image of the 
left kidney shows a left renal calyceal calculus (arrow) 
showing high density. Figure 5.5b, enhanced axial CT 
image of the left kidney of excretory phase shows con- 
trast opacification of the left renal calyces. The left 
calyceal calculus is not detectable on this image. 
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Key Diagnostic Features 


Urinary tract calculus could be categorized by their anatomi- 
cal locations such as the kidney, ureter, urinary bladder, and 
urethral calculus. Renal calyceal calculus shows high echo- 
genic foci in renal calyx with acoustic shadowing on renal 
ultrasound. On plain radiographs of the kidney, ureter, and 
bladder (KUB), urinary tract calculus could be visualized as 
radiopaque calculus. On the other hand, urinary tract calcu- 
lus not visible on KUB is called radiolucent calculus [1]. On 
excretory urography, radiolucent renal calyceal calculus could 
sometimes appear as a filling defect by its lower density than 
that of excreted contrast medium. On unenhanced computed 
tomography (CT), nearly all urinary tract calculi appear as 
high density foci regardless of its radiolucent or radiopaque 
appearances on KUB [1]. Nonetheless, when there is con- 
trast opacification on the renal calyces, the detection of renal 
calyceal calculus becomes much more difficult. The use of 
a wide window setting could sometimes help in differenti- 
ating calculus from opacified contrast medium. However, if 
the density of the excretory contrast medium is identical to 
that of urinary calculus, they could not be distinguished from 
each other even in high window setting. Therefore, in detect- 
ing urinary tract calculus, such as renal calculus, unenhanced 
CT is most useful for its diagnosis. 
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5.2  Ureteropelvic Junction Calculi 


Case 4 


Fig. 5.6 


Plain radiograph of the kidney, ureter, and bladder 
(KUB) and computed tomography (CT) show a uretero- 
pelvic junction (UPJ) calculus. Figure 5.6, magnifica- 
tion view of the right kidney shows a radiopaque calculus 
(arrow) at the right renal pelvis and UPJ. Figure ; 
magnification view of the CT scout image of the right 
kidney shows visualization of the calculus (arrow). 
Figure , axial unenhanced CT image of the right 
kidney shows a calculus (arrow) showing high density at 
the right renal pelvis extending to the right UPJ with 
resultant right hydronephrosis (arrowhead). Figure : 
axial enhanced CT image of the right kidney shows sim- 
ilar high density of the calculus (arrow) associated with 
right hydronephrosis (arrowhead). 


Fig. 5.7 
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Case 5 


Fig. 5.8 
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Fig. 5.9 


Excretory urography (EU) and magnetic resonance imag- 
ing (MRI) show urinary calculi at the left renal pelvis, 
ureteropelvic junction (UPJ), proximal ureter, and caly- 
ces. Figure 5.8a, magnification view of the EU of the left 
kidney before contrast medium administration shows a 
radiopaque calculus at the left renal pelvis and UPJ (white 
arrow). There are left proximal ureteral calculus (white 
arrowhead) and two renal calyceal calculi (black arrow- 
head) as well. Figure 5.8b, magnification view of the EU 
of the left kidney at 10 min after contrast medium 
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administration shows filling defects at the left renal pelvis 
and UPJ (white arrow) as well as left renal calyces (black 
arrowheads) and left proximal ureter (white arrowhead) 
due to calculi. Note there is duplex left kidney (black 
arrow). Figure 5.9a, axial Tl-weighted image (T1 WI) of 
MRI shows homogeneous low signal intensity of the left 
renal pelvis which does not allow depiction of the calcu- 
lus. Figure 5.9b, axial T2-weighted image (T2WI) of MRI 
shows low signal intensity lesion (arrow) in the left renal 
pelvis and left UPJ, consistent with a calculus. 
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Case 6 


Fig. 5.10 
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Excretory urography (EU) shows a left ureteropelvic 
junction (UPJ) stone with resultant left hydronephrosis. 
Figure 5.10a, magnification view of the EU of the left 
kidney before contrast medium administration shows a 
left UPJ stone (arrow) of an oval shape and radiopaque 
density. Figure 5.10b, magnification view of the EU of 
the left kidney at 10 min after contrast medium admin- 
istration shows left hydronephrosis (arrow) due to 
complete obstruction by the left UPJ stone. The left 
ureter distal to the UPJ stone is not opacified at all. The 
UPJ stone itself is not visualized on this image due to 
insufficient density differences between the stone and 
contrast-opacified renal collecting system. 


Key Diagnostic Features 


Urinary calculus at the ureteropelvic junction (UPJ) could be 
a renal pelvis calculus extending to the UPJ or a discrete cal- 
culus at the UPJ area. Because the UPJ is an anatomical nar- 
rowed point, a UPJ calculus may be associated with variable 
degrees of urinary tract obstruction and thus resultant proxi- 
mal hydronephrosis. Similar to urinary tract calculus of other 
locations, UPJ calculus is detectable on plain radiograph of 
the kidney, ureter, and bladder (KUB) if it is dense enough as 
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the so-called “radiopaque” calculus. On excretory urography 
(EU), a UPJ calculus could be visualized as a radiopaque cal- 
culus before contrast medium administration or as a filling 
defect in UPJ after contrast medium excretion. However, in 
the absence of adequate opacification of the corresponding 
renal pelvis and UPJ, EU could fail to illustrate radiolucent 
UPJ calculus. Computed tomography (CT) could not only 
demonstrate the UPJ calculus itself but also the presence or 
absence of hydronephrosis regardless of excretory function of 
the corresponding kidney. Although magnetic resonance 
imaging (MRI) is much more expensive than CT, MRI has 
lower sensitivity than unenhanced CT for detecting urinary 
calculus. On MRI, urinary calculus usually appears as low 
signal intensity on both Tl-weighted image (T1WD and 
T2-weighted image (T2WT). Therefore, a UPJ calculus could 
be unrecognizable on T1WI because urine in the UPJ and 
renal pelvis shows identical low signal intensity as that of a 
calculus, which does not allow their differentiation. In con- 
trast, urine in the UPJ and renal pelvis upon T2WI shows high 
signal intensity which highlights the presence of a low signal 
intensity lesion by a calculus. Nonetheless, the presence of 
low signal intensity lesion on MRI is not specific for diagno- 
sis of urinary tract calculus because hematoma in the urinary 
tract could also appear as low signal intensity lesions on 
MRI. Generally speaking, unenhanced computed tomography 
is more sensitive and specific than other imaging modalities 
for diagnosing urinary tract calculus including UPJ calculus. 
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5.3 Renal Staghorn Stone 


Case 7 


Fig. 5.11 


Excretory urography (EU) shows a right renal staghorn right renal staghorn stone. Figure 5.11b, magnification 
stone. Figure 5.11, magnification view of the EU of the view of the EU of the right kidney at 10 min after contrast 
right kidney before contrast medium administration medium administration shows contrast opacification of 
shows a radiopaque calculus (arrow) at the right renal the right renal pelvicalyceal system and right ureter with- 
pelvis and right middle and lower calyces, consistent with out obvious dilatation. 
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Case 9 


Fig. 5.13 


Excretory urography (EU) and computed tomog- 
raphy (CT) show a left renal staghorn stone. 
Figure 5.12a, magnification view of the EU of the 
left kidney before contrast medium administration 
shows a radiopaque calculus (arrow) occupying 
the whole left renal pelvicalyceal system as com- 
plete staghorn stone. Figure 5.12b, magnification 
of the EU of the left kidney at 10 min after con- 
trast medium administration shows opacification in 
the left ureter (arrow) suggestive of no complete 
obstruction caused by the left renal staghorn stone. 
Figure 5.13a, unenhanced CT image of the left kid- 
ney shows a renal calculus (arrow) occupying the 
left renal pelvis and middle calyx. Figure 5.13b, 
unenhanced CT image, 4 cm caudal to Fig. 5.13a, 
shows the renal stone (arrow) also involving the left 
renal lower calyx. 


Fig. 5.14 
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Fig. 5.15 
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Key Diagnostic Features 


A renal staghorn stone means a renal calculus involving 
not only the renal pelvis but also one or more calyces at the 
same time. A staghorn stone is used to describe the picture 
of the stone simulating horns of a stag. If a renal staghorn 
stone involves the whole renal collecting system, complete 
renal staghorn stone is considered and incomplete staghorn 
stone if otherwise. Nearly all of renal staghorn stones are 
radiopaque on plain radiography of the kidney, ureter, and 
bladder (KUB). Therefore, KUB could readily detect and 
diagnose renal staghorn stones without difficulty. In spite 
of the large sizes of renal staghorn stones, obstruction and 
associated functional impairment of the corresponding kid- 
neys are only shown in some of them. Excretory urography 
(EU), renal ultrasound (US), and computed tomography 
(CT) are useful in detecting hydronephrosis or hydrocali- 
cosis due to obstructions by renal staghorn stones. Delayed 
or faint opacification of the ipsilateral renal collecting sys- 
tem on EU or enhanced CT of excretory phase suggests 
the presence of ipsilateral renal functional impairment. 
Furthermore, xanthogranulomatous pyelonephritis should 
be listed in the differential diagnosis if there are imaging 
findings of ipsilateral renal enlargement, hypodense areas 
surrounding the stone, and absence of excretion function 
of the ipsilateral kidney associated with a renal staghorn 
stone. 
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Plain radiography of the kidney, ureter, and bladder 
(KUB), retrograde pyelography (RP), and computed 
tomography (CT) show imaging findings of a patient 
with bilateral renal staghorn stones. Figure 5.14, KUB 
shows a left proximal ureteral stone (black arrowhead) 
in addition to right (white arrow) and left (black arrow) 
renal staghorn stones. Figure 5.15, right RP shows a 
filling defect (arrow) of the right renal pelvicalyceal 
system due to the right renal staghorn stone. 
Figure 5.16a, unenhanced axial CT image at the kid- 
ney level shows a left renal stone (black arrow) occu- 
pying the renal pelvis and calyces. Dilatation of the 
right renal calyces (white arrowheads) is shown. A 
part of the right renal staghorn stone is visualized at 
the right renal pelvis and posterior middle calyx. 
Figure 5.16b, unenhanced axial CT image, 1 cm, cau- 
dal to Fig. 5.16a, shows the right renal staghorn stone 
(white arrow) at the right renal pelvis and multiple 
calyces with resultant hydrocalicosis (white arrow- 
heads). The left renal staghorn stone also involves left 
renal calyces (black arrow). Figure 5.16c, axial 
enhanced CT image of excretory phase during prone 
positioning shows contrast opacification of the right 
renal pelvicalyceal system (arrow) in spite of the right 
renal staghorn stone. However, fluid-contrast layering 
appearance is noted in the dilated right middle calyx 
(arrowhead), which is located at the nondependent 
part during prone positioning. Contrast opacification 
of the left renal collecting system is noted as well. 
Focal renal scarring is depicted in both kidneys. 


Fig. 5.16 
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5.4 Ureteral Calculus 
Case 10 


Fig 


.5.17 


Excretory urography (EU) shows imaging findings of a 
left proximal ureteral calculus. Figure , baseline 
plain radiography of anteroposterior image of the EU of 
the kidney, ureter, and bladder before contrast medium 
administration shows a radiopaque calculus (arrow) likely 
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to be on the course of the left ureter. Figure , EU of 
posteroanterior image at 10 min after contrast medium 
administration shows left hydronephrosis (arrowheads) 
and left hydroureter with contrast medium column 
obstruction just above this ureteral calculus (arrow). 
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Case 11 


Fig. 5.18 
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Fig. 5.19 


Plain radiography of the kidney, ureter, and bladder  hydronephrosis with left perinephric stranding (arrow- 
(KUB) and unenhanced helical computed tomography head) and fluid (arrow), consistent with indirect sign of 


(CT) images show a left distal ureteral calculus. left ureteral calculus. Figure Ib, unenhanced axial CT 
Figure 5.18a, KUB shows two calcification foci (arrow) image of the left middle ureter level shows mild dilatation 
at the left pelvic cavity. Figure 5.18b, magnification view of the left ureter (arrow). Figure 5.19c, unenhanced axial 
of the pelvic cavity of Fig. 5.18a shows elongated appear- CT image of the left distal ureter level shows a left distal 


ance of the medial upper calcification (arrow) which ureteral calculus (arrow) showing high density. Note there 
could be a left distal ureteral calculus. Another calcifica- is soft tissue density surrounding the calculus represent- 
tion (arrowhead) has a round shape with lucent center ing ureteral wall edema. Figure 9d, unenhanced axial 
which is typical for a phlebolith. Figure Ja, unen- CT image, 0.5 cm caudal to Fig. 5.19c, shows the phlebo- 
hanced axial CT image of the left kidney shows left lith (arrow) without surrounding soft tissue density. 
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Case 12 


Fig. 5.22 


Excretory urography (EU), renal ultrasound (US), and 
Fig. 5.20 unenhanced helical computed tomography (CT) images 
show imaging findings identified in a patient with left 
middle ureteral calculus. Figure 5.20, EU (10 min after 
contrast medium administration) shows normal opaci- 
fication (arrow) of the right renal pelvicalyceal system. 
Note absence of contrast medium opacification of the 
left renal pelvicalyceal system. There is no radiopaque 
calculus detectable on this image. Figure 5.21, left 
renal US of longitudinal scan shows obvious dilatation 
(arrow) of the left renal pelvicalyceal system as hydro- 
nephrosis. Figure 5.22a, unenhanced CT image at the 
kidney level shows left hydronephrosis (arrow) with 
thinning of the left renal parenchyma (arrowhead). 
Figure 5.22b, unenhanced CT image at the left middle 
ureter level shows a large calculus (arrow) in the left 
middle ureter readily detected by its high density. 


Fig. 5.21 


Case 13 


Fig. 5.23 


Unenhanced helical computed tomography (CT) 


images show right hydronephrosis (arrow, Fig. ) 
and right hydroureter (arrow, Fig. ) due to a right 
middle ureteral calculus (arrow, Fig. 5.23c) with tissue 


rim sign (arrowhead) as soft tissue rim surrounding 
the calculus. 


5 Lesions of the Urinary Tract and Renal Sinus 
Key Diagnostic Features 


Ureteral calculus is best diagnosed by unenhanced helical 
computed tomography (CT) by high sensitivity, specificity, 
and accuracy shown in numerous studies of the literature. On 
unenhanced CT, ureteral calculus is diagnosed by direct and 
indirect signs [2, 3]. Direct sign on unenhanced CT means 
the recognition of a calculus with confirmation of its anatom- 
ical location being in the ureter [3]. Since nearly all ureteral 
calculus displays high density foci on unenhanced CT, there 
is no difficulty to recognize the calculus itself. Nonetheless, 
there are other alternative conditions (e.g., phlebolith, calci- 
fied lymph node, arterial calcification) which show similar 
calcification foci in the abdomen and pelvic cavity on unen- 
hanced CT. Thus, it is necessary to confirm a calcified foci 
being within the ureteral lumen for diagnosis of a ureteral 
calculus. Tracing down the ureteral course from the ure- 
teropelvic junction to the ureterovesical junction (UVJ) on 
unenhanced CT whenever possible is a must for clarifying 
the anatomical location of a ureteral calculus. On the other 
hand, the presence of associated indirect signs of a ureteral 
calculus on unenhanced CT adds confidence in making a 
diagnosis and provides information on the altered anatomi- 
cal and functional status secondary to ureteral calculi [2]. 
Indirect signs of ureteral calculi on unenhanced helical CT 
include hydronephrosis, hydroureter, perinephric or periure- 
teral stranding or fluid, tissue rim sign, ipsilateral nephro- 
megaly, and ipsilateral decreased renal density [4]. Tissue 
rim sign is typically a soft tissue rim surrounding the whole 
calculus caused by ureteral wall edema, which is highly spe- 
cific for diagnosing ureteral calculus. Patients with ureteral 
calculus usually present with acute flank pain, especially in 
emergency settings. Unenhanced helical CT provides alter- 
native diagnoses other than ureteral calculus for patients pre- 
senting with acute flank pain in addition to its high accuracy 
of diagnosing ureteral calculus, which is thus a highly valu- 
able tool for clinical decision making [2]. The detectability 
of ureteral calculus on plain radiographs of the kidney, ureter, 
and bladder (KUB) is affected by the size, location, and com- 
position of the calculus itself as well as by the overlying ana- 
tomical structures and body habitus of the patient. Ureteral 
calculus located in the middle ureter has lower detectability 
than other locations on KUB because the overlying sacrum 
has similar density to that of a ureteral calculus [5]. Uric 
acid stones are usually radiolucent and thus undetectable on 
KUB. Renal US is usually used for detecting the presence 
or absence of hydronephrosis in a patient suspected of hav- 
ing a ureteral calculus instead of identifying the stone itself. 
Nonetheless, if hydronephrosis is shown on renal US in a 
patient showing a radiopaque calculus of ipsilateral ureter 
on KUB, a confidence diagnosis of a ureteral calculus with 
resultant hydronephrosis could be made by their association. 
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5.5 Ureterovesical Calculus 


Case 14 


Fig. 5.24 


Computed tomography (CT) shows imaging finding of a UVJ calculus (arrow) with dilatation of most distal part of 


left ureterovesical calculus with dilatation of the left distal the left distal ureter (arrowhead). Figure 5.24d, enhanced 
ureter. Figure , unenhanced axial CT image shows axial CT image shows this calcified focus (arrow) at the 
a calcified focus (arrow) at the left anterior pelvic cav- left UVJ, consistent with left UVJ calculus. Figure > 
ity. Figure , enhanced coronal CT image shows this enhanced axial CT, 0.5 cm superior to Fig. , Shows 
left pelvic cavity calcification (arrow) at the left uretero- dilated left distal ureter (arrowhead) due to obstruction by 
vesical junction (UVJ). Figure 5.24c, enhanced coronal the left UVJ calculus. 


image, contiguous to Fig. 5.24b, shows a part of the left 
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Case 15 


Fig. 5.25 


Key Diagnostic Features 
Computed tomography (CT) illustrates a left uretero- 


vesical (UVJ) calculus with left urotract obstruction. Ureterovesical calculus is diagnosed by the depiction of a 
Figure , enhanced axial CT at the renal level calculus on the ureterovesical junction (UVJ). It is not 
shows left hydronephrosis (black arrowhead) and uncommon for a UVJ calculus to be associated with urotract 
hydroureter (white arrowhead). A calculus (white obstruction. Computed tomography (CT) is usually the best 
arrow) in the left renal lower calyx is noted. Note there imaging modality for its location and depiction, especially 
is no contrast opacification of the left urotract. before contrast medium opacification of the urotract. 

Figure , enhanced axial CT image of the distal 


ureter level shows dilatation of the left distal ureter 
(arrow) without contrast medium opacification. In 
contrast, the right distal ureter is normal sized with 
contrast opacification. Figure , enhanced axial 
CT image of the urinary bladder level shows a left UVJ 
calculus (arrow) with faint visualization of a segment 
of the left dilated ureter (arrowheads). Figure , 
enhanced axial CT image, 0.5 cm, inferior to Fig. D 
shows a small part of the left UVJ calculus (arrow) 
with more clear visualization of dilatation of the left 
distal ureter (arrowheads). 
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5.6 X Urinary Bladder Calculus Case 17 


Case 16 


Fig. 5.26 


Plain radiography of the kidney, ureter, and bladder 
(KUB) shows a urinary bladder calculus. Figure 5.262, 
KUB shows a calcification lesion (arrow) in lower pel- 
vic cavity, consistent with bladder calculus. There is a 
calculus (arrowhead) at the right renal lower pole as 
well. Figure 5.26b, magnification view of the pelvic 
cavity of Fig. 5.26a shows laminated appearance of the 
urinary bladder calculus (arrow). 


Fig. 5.27 


Plain radiography of the kidney, ureter, and bladder 
(KUB and computed tomography (CT) images show 
two urinary bladder calculi. Figure 5.27, magnification 
view of KUB shows two oval-shaped calculi (arrows) 
in the urinary bladder. Figure 5.28a, unenhanced CT 
image shows two dense foci (arrows) in the urinary 
bladder as calculi. Figure 5.28b, enhanced axial CT 
image of excretory phase shows contrast opacification 
of the urinary bladder, obscuring the two calculi. 
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Case 18 


Plain radiography of the kidney, ureter, and bladder 
(KUB and computed tomography (CT) images show a 
bladder jackstone. Figure , magnification view of 
the KUB shows a urinary bladder calculus (arrow) 
with faint radiopaque density and spiculations. 
Figure 5.30a, unenhanced axial CT image shows this 
calculus (arrow) with multiple spiculations and a more 
lucent center. There is another tiny calculus (arrow- 
head) in a right urinary bladder diverticulum. 
Figure , enhanced coronal image shows the spec- 
ulated calculus (arrow) within the upper part of the 
urinary bladder. Figure >, enhanced sagittal CT 
image shows this jackstone (arrow) in posterior part of 
the urinary bladder. 


Fig. 5.29 


Fig. 5.30 


5.6 Urinary Bladder Calculus 


Case 19 


Fig. 5.31 


Magnetic resonance imaging (MRI) shows a large cal- 
culus in the urinary bladder. Figure 5.31, T2-weighted 
image of MRI shows a round low signal intensity 
lesion (arrow) within the urinary bladder cavity, con- 
sistent with a bladder calculus. 
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Key Diagnostic Features 


Urinary bladder calculus has a variety of shapes, appearances, 
and densities. Bladder calculus may appear as laminated and 
oval in shape, has a round contour, and resembles a child's 
toy jacks (so-called jackstone) [6]. Similar to urinary tract 
calculi at other anatomical locations, urinary bladder cal- 
culus may appear as dense radiopaque, faint radiopaque, or 
radiolucent (i.e., undetectable) stone on plain radiography 
of the kidney, ureter, and bladder (KUB). On unenhanced 
computed tomography, urinary bladder calculus appears 
as a high density focus which makes it readily detectable. 
On magnetic resonance imaging, urinary bladder calculus 
appears as a low signal intensity lesion on both T1-weighted 
and T2-weighted images. 
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5.7 Urethral Calculus 
Case 20 


Fig 


.5.32 


Excretory urography (EU) shows a urethral calculus in a 
man. Figure 5.32a, plain radiography of the kidney, ureter, 
and bladder shows two calcified foci (arrow and arrow- 
head). Figure 5.32b, magnification view of Fig. 5.32a 
illustrates one calculus (arrow) located between the sym- 
physis pubis and another (arrowhead) at the left lower 
pelvic cavity. Figure 5.32c, magnification view of the EU 
of the pelvic cavity at 10 min after contrast medium 


5 Lesions ofthe Urinary Tract and Renal Sinus 


administration using anterior oblique position shows the 
calculus (arrow) inferior to the urinary bladder base. 
Figure 5.32d, magnification view of the EU of the pelvic 
cavity after voiding shows mild contrast medium stasis at 
the urethra (arrow) by the urethral calculus located 
between the symphysis pubis. There is mild dilatation of 
the left distal ureter (arrowhead) due to the left distal 
ureteral calculus located at the left lower pelvic cavity. 


5.7 Urethral Calculus 


Case 21 


Fig. 5.33 


n 


Fig. 5.34 
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Plain radiography of the kidney, ureter, and bladder 
(KUB and computed tomography (CT) images show a 
urethral calculus in a man. Figure 5.33, magnification 
view of KUB shows a calculus (arrow) between inferior 
margins of the symphysis pubis, consistent with urethral 
calculus. Figure , enhanced coronal CT image 
shows a dense calculus (arrow) at the urethra with prox- 
imal urethral dilatation (arrowhead). Figure E 
enhanced axial CT image at the prostate gland base level 
shows mild dilatation of the prostate urethra (arrow- 
head). Figure < ;, enhanced axial CT image at the 
prostate gland apex level shows a calculus (arrow) occu- 
pying the whole lumen of the urethra. 


Key Diagnostic Features 


Urethral calculus is more common in men than in women. It 
is because the male urethra has an anatomical narrowing 
point at the membranous urethra and is longer than the 
female urethra. On plain radiograph of the kidney, ureter, 
and bladder, urethral calculus is highly suggested if a dense 
focus is shown between the symphysis pubis. On excretory 
urography, stasis of contrast medium surrounding the calcu- 
lus after voiding could further support the location of the 
calculus being in the urethra. On computed tomography, ure- 
thral calculus is diagnosed by the depiction of a calcified 
focus in the urethra with possible associated obstruction 
findings. 
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5.8  Cystocele 


Case 22 


Fig. 5.35 
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Case 23 


Computed tomography (CT) shows imaging findings of 
a cystocele with bilateral hydronephrosis. Figure 5.35a, 
sagittal enhanced CT image shows abnormally low 
position of the urinary bladder (arrow) with caudal 
angulation of the urethra marked by the Foley catheter 
(arrowhead). Figure 5.35b, coronal enhanced CT image 
shows the whole urinary bladder (arrow) below the 
pubic bone, consistent with cystocele. Figure 5.35c, 
enhanced axial CT image at the kidney level shows 
bilateral hydronephrosis (arrows). Figure 5.35d, 
enhanced axial CT image at the symphysis pubis level 
shows nonvisualization of the urinary bladder. Dilatation 
of bilateral ureters (arrowheads) is identified. RESTING 
Figure 5.35e, enhanced axial CT image at the perineal 
level shows a prolapsed urinary bladder (arrow) with 
thick wall. 


Fig. 5.36 
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Cystography shows cystocele in a female patient. 
Figure 5.36a, cystography of anteroposterior film in 
resting status shows focal descent (arrowhead) of cen- 
tral part of the bladder, suggestive of poor central sup- 
port. However, it is still above the inferior margin of 
the symphysis pubis. Figure 5.36b, cystography of 
anteroposterior film in straining status shows the cen- 
tral bladder base (arrow) moving to below the level of 
the symphysis pubis. Figure 5.36c, cystography of lat- 
eral film in straining status of upright positioning 
shows dropped bladder base (arrow) well below the 
inferior margin of the symphysis pubis (arrowhead). 
After several trials for voiding, the patient fails to 
empty the bladder, suggestive of cystocele with blad- 
der outlet obstruction. 
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Key Diagnostic Features 


The urinary bladder base is normally above the symphysis 
pubis. Cystocele means abnormally low position of the urinary 
bladder below the inferior margin of the symphysis pubis. The 
underlying cause of cystocele is pelvic floor laxity. Therefore, 
cystocele could occur with prolapse of other pelvic organs 
including uterine prolapse, rectocele, or enterocele. Cystocele 
is therefore diagnosed on images by illustrating the urinary 
bladder base below the symphysis pubis. Nonetheless, the posi- 
tioning of bladder base changes in different status. The bladder 
base descends in straining status as compared to that in resting 
status. Thus, mild cystoceles are only diagnosed in straining 
status and upright positioning. Dynamic magnetic resonance 
imaging (MRI) obtained at resting and straining status has 
recently become a popular imaging tool to assess pelvic floor 
dysfunction [7]. Hydronephrosis is associated with cystoceles 
due to bladder outlet obstruction or ureteral stretching effect. 


5.9 Bladder Herniation 


5.9 Bladder Herniation 


Case 24 


Fig. 5.37 
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Case 25 
Magnetic resonance imaging (MRI) shows imaging 
findings of bladder herniation of the right inguinal 
canal. Figure 5.37a, sagittal T2-weighted image 
(T2WI) of MRI shows the urinary bladder (arrow- 
head) herniation into the inguinal canal (arrow). 
Figure 5.37b, sagittal Tl-weighted fat-suppressed 
image after contrast enhancement shows contrast 
medium opacification of the urinary bladder (arrow- 
head). However, the herniated part into the inguinal 
canal (arrow) of the urinary bladder has no 
contrast-opacified urine. Figure 5.37c, axial T2WI of 
MRI shows anterior part of the urinary bladder going 
in the direction of the right inguinal canal (arrow). 
Figure 5.37d, axial T2WI of MRI shows the urinary 
bladder passing through the inguinal ring to enter the 
right inguinal canal (arrow). Figure 5.37e, axial T2WI 
of MRI shows the herniated part (arrow) of the urinary 
bladder in the right inguinal canal. There is bowel loop 
herniation into the left inguinal canal. 


Fig. 5.38 


Computed tomography (CT) shows imaging findings 
of small herniation of the urinary bladder into the right 
inguinal canal. Figure 5.38a, enhanced coronal CT 
imaging shows a small part (arrowhead) of the urinary 
bladder herniation into the right inguinal canal. 
Figure 5.38b, unenhanced axial CT image shows a 
small cystic part (arrowhead) in the right inguinal 
canal as bladder herniation. 


5.9 Bladder Herniation 


Case 26 


Fig. 5.39 


Cystography shows urinary bladder herniation into the 
right inguinal canal and scrotum. Figure 5.392, cystogra- 
phy of right anterior oblique view shows bladder hernia- 
tion into the right inguinal canal (arrow). Figure 5.39b, 
cystography of anteroposterior view shows enlargement 
of the herniated part (arrow) into the right scrotum after 
more urine fills in. 


Key Diagnostic Features 


Bladder herniation to the inguinal canal is an uncommon 
entity [8]. In severe bladder herniation to the inguinal canal, 
the urinary bladder shows a dumbbell appearance. The 
diagnosis of bladder herniation into the inguinal canal or 
even scrotum on images is based on the identification of the 
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herniated part being contiguous to the main part of the 
urinary bladder regardless of contrast medium opacifica- 
tion or not. On the other hand, the opacification of the her- 
niated part of the urinary bladder on excretory phase of 
computed tomography, magnetic resonance imaging, or on 
excretory urography and cystography helps in confirmation 
of the presence of bladder herniation. Patients with severe 
bladder herniation could suffer from incomplete emptying 
of the urinary bladder after voiding, due to the partial 
obstructive effect through the inguinal canal. Mild bladder 
herniation is usually detected as an incidental findings on 
images because it causes no symptom. Furthermore, some 
infants less than 1 year old have temporary bladder hernia- 
tion to the inguinal canal due to incompetent inguinal ring, 
which is under development, usually called “bladder ear” 
rather than “bladder herniation.” If the child has persistent 
bladder herniation after 1 year of age, then existence of true 
bladder herniation is considered. 
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5.10 Bladder Diverticulum 


Case 27 


Magnetic resonance imaging (MRI) shows imaging find- T2-weighted image (T2WI) of MRI shows this urinary 
ing of a bladder diverticulum. Figure 5.40a, axial bladder diverticulum (arrow) having a thin wall and an 
Tl1-weighted image (TIWI) of MRI shows an outpouch- oval shape. Figure 5.40c, coronal T2WI of MRI shows the 
ing (arrow) of the left lateral wall of the urinary bladder, wide neck of this urinary bladder (arrow) which commu- 
consistent with a bladder diverticulum. Figure 5.40b, axial — nicates the urinary bladder lumen and the diverticulum. 


5.0 Bladder Diverticulum 


Case 28 


Fig. 5.41 


Fig. 5.42 
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Excretory urography (EU) and computed tomography 
(CT) illustrate multiple diverticula of the urinary blad- 
der. Figure 5.41, magnification view of the EU of the 
urinary bladder shows multiple diverticula (arrows) of 
the urinary bladder with outpouching appearances. 
A filling defect (black arrowhead) in the right urinary 
bladder cavity is caused by a bladder tumor, which is 
proven by histological examination of transurethral 
resection of the bladder tumor (TURBT). Also, there is 
an intrauterine device (black arrow). Figure 5.42a, 
unenhanced axial CT image shows three diverticula 
(arrows) of the urinary bladder. There are calculi 
(white arrowhead) inside the bigger left diverticulum. 
Calculi (black arrowhead) in the left distal ureter near 
the ureterovesicular junction are also depicted. 
Figure 5.42b, enhanced axial CT image shows more 
clear depiction of the diverticula (arrows), which have 
narrow necks. The calcified densities (arrowhead) in 
the left urinary bladder diverticulum are calculi. 


Key Diagnostic Features 


Bladder diverticulum is diagnosed on images by outpouch- 
ings from the urinary bladder. Bladder diverticulum could be 
solitary or multiple in number and a congenital or acquired 
condition. Congenital diverticulum is less common and usu- 
ally found lateral to the ipsilateral ureter with resultant vesi- 
coureteral reflux. Acquired diverticulum is more common 
than congenital one and related with bladder functional or 
anatomical outlet obstruction. Most commonly, bladder 
diverticulum occurs in both lateral walls. For bladder diver- 
ticulum with a narrow neck, urine stasis or retention may 
occur. Thus, urinary bladder diverticulum is associated with 
calculi and even neoplasms. All imaging modalities including 
excretory urography, cystography, ultrasound, computed 
tomography, and magnetic resonance imaging are able to 
depict urinary bladder diverticulum. The size of a urinary 
bladder diverticulum could become larger after voiding by 
increased urine filling of raised intravesicular pressure. 
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5.11 Female Urethral Diverticulum 


Case 29 


Fig. 5.43 


Two images (Fig. ) of double balloon urethrog- 
raphy of a women shows contrast opacification of a 
urethral diverticulum (arrows) in addition to normal 
urethra. 


5.1 Female Urethral Diverticulum 


Case 30 


Fig. 5.44 


Voiding cystourethrography images of right anterior 
oblique (Fig. 5.44a) and left anterior oblique 
(Fig. 5.44b) views show opacification of a urethral 
diverticulum (arrows) at voiding. 
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Key Diagnostic Features 


A urethral diverticulum usually occurs in middle-aged 
women. On voiding cystourethrography and double balloon 
urethrography, a urethral diverticulum is opacified by 
contrast medium as an outpouching of the urethra [9]. On 
computed tomography (CT) or magnetic resonance imaging, 
urethral diverticulum appears as a periurethral cystic space 
which is communicated with the urethra [9]. On voiding cys- 
tourethrography of CT, the urethral diverticulum is opacified 
by contrast medium after voiding, similar to that of voiding 
cystourethrography [9]. 
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5.12 Renal Urothelial Carcinoma 


Case 31 


Computed tomography urography (CTU) images illus- 
trate imaging findings of a left renal urothelial carci- 
noma. Figure 5.45a, unenhanced axial image of CTU 
shows a soft tissue mass (arrowhead) in the left renal 
pelvis and middle calyx with left perinephric stranding 
(arrow). Figure 5.45b, enhanced axial image of cortico- 
medullary phase of CTU shows increased density of this 
soft tissue mass (arrowhead) by contrast enhancement 
effect, suggestive of its nature as a neoplasm. Figure 5.45c, 
enhanced axial image of excretory phase shows this soft 


mass as a filling defect (arrowhead) in the left renal pel- 
vis and middle calyx. Figure 5.45d, enhanced coronal 
image of excretory phase shows this tumor (arrowhead) 
involving the renal pelvis and calyx with poor demarca- 
tion from the left renal parenchyma and prominent 
stranding in the left perinephric space (arrow). 
Histological examination of the surgical specimen of left 
nephroureterectomy shows a urothelial carcinoma in the 
left renal pelvis and calyx with renal parenchymal 
involvement. 
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Case 32 


: Fig. 5.47 
Fig. 5.46 


Fig. 5.48 
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Renal ultrasound (US), excretory urography (EU), and 
computed tomography urography (CTU) show a renal 
urothelial carcinoma at the right renal upper pole. 
Figure 5.46, right renal US of longitudinal scan shows 
a hypoechoic mass (arrowhead) at the right renal upper 
calyx. Figure 5.47, magnification view of the EU of the 
kidneys at 10 min after contrast medium administra- 
tion shows an amputation infundibulum (arrowhead) 
at the right renal upper pole. In other words, the right 
renal upper calyx is not opacified by the contrast 
medium. Figure 5.48a, unenhanced axial CT image of 
CTU shows loss of the right renal sinus fat indicating 
presence of a lesion with right renal sinus involvement. 
Please refer to the normal appearance of renal sinus fat 
at the left renal upper pole. Figure 5.48b, enhanced 
axial CT image of late corticomedullary phase of CTU Fig. 5.49 
shows an ill-defined lesion occupying nearly the whole 
upper pole of the right kidney which shows less con- 
trast enhancement (arrow) to that of left renal normal 
parenchyma. Figure 5.48c, enhanced axial CT image 
of excretory phase of CTU shows no contrast opacifi- 
cation of the right renal upper calyx, due to the tumor. 
Figure 5.48d, enhanced coronal CT image of excretory 
phase of CTU shows this right renal upper polar mass 
(arrow) involving the right renal upper calyx and renal 
parenchyma with preserved reniform, suggestive of a 
urothelial carcinoma. 


Excretory urography (EU) and computed tomography 
urography (CTU) images show a small renal urothelial 
carcinoma. Figure 5.49, magnification view of the left 
kidney of EU at 10 min after contrast medium admin- 
istration shows irregular lateral wall of left upper 
infundibulum (arrowhead), which is easily neglected 
even after magnification by its inconspicuous appear- 
ance. Figure 5.50, magnification coronal view of the 
left kidney of excretory phase of CTU shows a small 
tumor (arrowhead) from the lateral wall of the left 
renal upper infundibulum. Note preservation of the left 
renal sinus fat contiguous to this small mass, indicat- 
ing absence of renal parenchymal tumor invasion. 
Histological examination of left nephroureterectomy 
confirmed this mass as a small urothelial carcinoma 
without renal parenchymal invasion. 


5.2 Renal Urothelial Carcinoma 


Case 34 
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Fig. 5.51 


Magnetic resonance imaging (MRI) shows imaging 
features of a left renal urothelial carcinoma. 
Figure 5.51a, coronal T2-weighted image of MRI 
shows a mass (arrow) in the left renal pelvis showing 
intermediate signal intensity. Figure 5.51b, axial 
T1-fat-suppressed image with contrast enhancement of 
MRI shows a soft tissue mass (arrow) presenting as a 
filling defect in the left renal pelvis. This mass has con- 
trast medium enhancement after contrast medium 
administration as compared with that on unenhanced 
images (not shown), supporting its nature as a neo- 
plasm rather than hematoma. 


Key Diagnostic Features 


Multidetector helical computed tomography urography 
(CTU) has been proved as the most sensitive, specific, and 
accurate imaging modality for diagnosing urothelial carcino- 
mas (UCs) of the upper urinary tract [10]. On enhanced 
phases of CTU, renal UCs present as enhancing soft tissue 
masses or thickened walls of the renal pelvicalyceal system 
[10]. On excretory phase of CTU, UCs may present as filling 
defects in the renal collecting system which is the spared 
area not opacified by the contrast medium if the involved 
kidney still has sufficient excretory ability. Otherwise, the 
whole renal pelvicalyceal system could be not opacified by 
contrast medium by renal functional impairment due to the 
tumors. CTU is able to detect small renal UCs except tiny 
tumors (smaller than 0.5 or 1 cm depending on slice collima- 
tion) or carcinoma in situ tumors [11]. Excretory urography 
(EU) has been traditionally used for diagnosing UCs for 
decades. However, EU is less sensitive, specific, and accu- 
rate than CTU for the diagnosis of renal UCs [12]. On EU, 
there is a variety of imaging findings of renal UCs, including 


filling defects in opacified renal pelvicalyceal system, onco- 
calyx, stippled sign, amputated infundibulum, irregular sur- 
faces of renal pelvicalyceal system, and faint or no 
opacification of the renal pelvicalyceal system [12]. 
However, many imaging findings of UCs on EU are nonspe- 
cific for diagnosis of UCs. Renal ultrasound is not sensitive 
for diagnosing renal UCs. Renal UCs are usually detected by 
renal US when a renal UC has a large size or advanced stage. 
Both retrograde pyelography (RP) and antegrade pyelogra- 
phy (AP) are invasive imaging studies, which are usually 
reserved for patients with equivocal findings on noninvasive 
studies. AP or RP could demonstrate the extent of renal UCs 
in the renal collecting system; however, they could not evalu- 
ate the presence or absence of renal parenchymal invasion as 
well as lymph node and distant metastases. On the other 
hand, CTU could be used not only for diagnosing renal UCs 
but also for staging. The renal tumor invasion of a renal UC 
could be demonstrated by depiction of tumor extent of the 
renal parenchyma in addition to the renal pelvicalyceal sys- 
tem on CTU. The obliteration of the renal sinus fat contigu- 
ous to a renal UC suggests that the renal UC probably invades 
the renal sinus fat and possibly the renal parenchyma as well. 


Main Differential Diagnoses 


1. A renal cell carcinoma of advanced stage 
Renal cell carcinoma (RCC) of advanced stage could 
involve the renal parenchyma and the renal collecting 
system at the same time. Similarly, a renal UC could 
extend from the renal collecting system to the renal 
parenchyma. A strong enhancement, high vascularity, or 
lobulated appearances of a renal tumor involving both 
renal parenchyma and renal collecting system favor a 
RCC. On the other hand, reniform appearance of a renal 
tumor with the above described extent favors a renal UC. 
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5.13 Ureteral Urothelial Carcinoma 


Case 35 


Excretory urography (EU) and computed tomography 
urography (CTU) images illustrate imaging findings of 
a right ureteral urothelial carcinoma. Figure 5 
magnification view of the kidney of EU at 5 min after 
contrast medium administration shows nonopacifica- 
tion of the right renal pelvicalyceal system in contrast 
to normal contrast opacification of the left renal pelvi- 
calyceal system. Figure , Magnification view of 
the kidney of EU at 30 min after contrast medium 
administration shows right hydronephrosis with com- 
plete obstruction at right proximal ureter with cutting- 
off appearance (arrowhead) by an irregular surface. 
Figure , unenhanced axial image of CTU at the 
iliac bone level shows a soft tissue density lesion 
(arrowhead) in the right proximal ureter. Figure ; 
enhanced axial CT image of the kidney level shows 
right hydronephrosis (arrowhead) with no contrast 
opacification. Note normal contrast opacification of 


Fig. 5.53 


the left renal pelvicalyceal system. Figure ; 
enhanced axial CT image at the iliac bone level shows 
enhancement of the soft tissue lesion (arrowhead) of 
right ureter suggestive of a urothelial carcinoma. This 
soft tissue lesion extends to the periureteric area 
(arrow). Note obvious periureteric stranding adjacent 
to this neoplasm. 
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Case 36 


Fig. 5.54 


Excretory urography (EU) and magnetic resonance 
imaging (MRI) show a left urothelial carcinoma. 
Figure 5.54, magnification view of EU at 10 min after 
contrast medium administration shows contrast obstruc- 
tion at the left proximal ureter by a mass lesion. Some 
contrast coating the surface of the mass lesion as stippled 
appearance (arrow) suggests a left ureteral urothelial 
carcinoma. Figure 5.55a, magnetic resonance urography 
shows similar filling defect (arrow) in left proximal ure- Fig. 5.55 
ter without obvious left periureteric and perinephric fluid 
collections. Figure 5.55b, axial enhanced Tl-fat- 
suppressed image shows an enhancing soft tissue mass 
in the left ureter. A left urothelial carcinoma is impressed. 
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Case 37 


Fig. 5.56 


a lesion (arrow) in the left distal ureter. Figure d, 
enhanced axial CT image of excretory phase of CTU 


Computed tomography urography (CTU) shows an uro- 
thelial carcinoma in the left distal ureter. Figure 5.56a, 


unenhanced axial image of CTU at the kidney level shows 
left hydronephrosis (arrowhead). Figure 5.56b, unen- 
hanced axial image of CTU at the middle ureter level 
shows a calculus (arrowhead) in the left middle ureter. 
Figure 5.56c, unenhanced axial CT image of CTU shows 


shows an enhancing soft tissue mass (arrow) as a filling 
defect in the left distal ureter. Figure ye, enhanced 
coronal CT image of excretory phase of CTU shows this 
urothelial carcinoma (arrow) involving a segment of left 
distal ureter. 


5.3 Ureteral Urothelial Carcinoma 


Case 38 


Fig. 5.57 
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Excretory urography (EU) and computed tomography 
urography (CTU) show a left distal ureteral urothelial 
carcinoma. Figure 5.57, EU at 10 min after contrast 
medium administration shows an irregular profile 
(arrow) of the left distal ureter. Figure 5.58a, enhanced 
coronal image of excretory phase of CTU shows 
abnormal wall thickening (arrowheads) of a long seg- 
ment of the left distal ureter. Figure 5.58b, unenhanced 
axial CT image of the urinary bladder level shows 
enlarged size (arrow) of the left distal ureter extending 
to the left ureterovesical junction (UVJ). Figure 5.58c, 
enhanced axial CT image of arterial phase of CTU at 
the same level as Fig. 5.58b shows conspicuous 
enhancement (arrow) of thickened segment of the left 
distal ureter. Figure 5.58c, enhanced axial CT image 
of excretory phase of CTU shows thickened wall of 
the left distal ureter to the left UVJ. There is some con- 
trast opacification (arrowhead) of the left distal 
ureter. 
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Fig. 5.58 
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Case 39 


Retrograde pyelography (RP) and computed tomography 
(CT) illustrate imaging features of ureteral urothelial car- 
cinoma. Figure 5.59, left RP shows a lesion of the left 
ureter with goblet appearance (arrow). Note no contrast 
opacification of the left renal pelvicalyceal system and 
the left ureter proximal to the lesion. Figure 5.60a, axial 
enhanced CT image at the kidney level shows dilatation 


of the left renal pelvicalyceal system (arrow). Small 
amount of contrast opacification (arrowhead) in the left 
renal calyx is depicted. Figure 5.60b, axial enhanced CT 
image at the proximal ureter level shows a urothelial car- 
cinoma (arrow) appearing as an enhancing soft tissue 
mass. 
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Key Diagnostic Features 


Ureteral urothelial carcinomas (UCs) could be diagnosed by 
excretory urography (EU), retrograde pyelography (RP), 
multidetector helical computed tomography urography 
(CTU), and magnetic resonance imaging (MRI). Sonography 
is seldom used for diagnosing ureteral UCs unless located at 
or near ureteropelvic junction or ureterovesical junction. 
CTU is more sensitive and accurate than EU for diagnosis of 
ureteral urothelial carcinomas [12]. On EU or RP, ureteral 
UCs present as filling defects, irregular profile, goblet sign, 
stippled appearance, cutting-off appearance, or small apple- 
core appearance with shouldering [12, 13]. Goblet sign is 
also called as champion glass sign, which resulted from wid- 
ened caliber of a ureteral segment harboring with a ureteral 
UC with slow growth [13]. Stippled sign represents contrast 
medium pooling of the valleys between papillary surfaces of 
the UCs [13]. Small apple-core appearance is shown in UCs 
infiltrating the ureteral walls with tumor edges shown as 
“shoulders.” However, if the ipsilateral renal function is 
impaired with resultant faint or nonopacification of the ureter 
harboring ureteral UCs, the presence of ureteral UCs could 
not be ascertained on EU. On CTU, ureteral UCs present as 
filling defects, enhancing soft tissue mass, or abnormal wall 
thickening of the involved ureteral segment. Even in the 
absence of excretory function of ipsilateral kidney, tumor 
enhancement highlights its presence by increasing contrast 
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to the adjacent normal tissue on CTU. The association of 
hydronephrosis, hydroureter, periureteric stranding, or fluid 
as well as perinephric stranding or fluid is a common finding 
in ureteral urothelial carcinomas, which could be readily 
detected on CTU. On the other hand, absence of these indi- 
rect signs on images could not exclude the presence of ure- 
teral UCs. MRI is usually used as a complementary tool in 
diagnosing ureteral UC for its higher cost. Similar to CTU, 
enhanced MRI is used to depict enhancement of a mass 
lesion for ensuring its tumor nature. For patients suspected of 
having ureteral UCs, CTU is generally accepted as a first- 
line noninvasive tool in diagnosing for its high sensitivity, 
specificity, accuracy, as well as general availability. 


Main Differential Diagnoses 


1. Hematoma in the ureter 

Acute hematoma could be diagnosed with confidence by 
its high density of 60-90 Hounsfield units on unenhanced 
CT. Hematomas of other stages appear as soft tissue den- 
sity lesions in the ureter simulating UCs. Nonetheless, 
hematomas do not have contrast medium enhancement 
on CT. On the other hand, ureteral UCs have contrast 
medium enhancement which make a distinction from 
hematomas. 
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5.14 Bladder Urothelial Carcinomas 


Case 40 


Fig. 5.61 


Excretory urography (EU) and computed tomography 
(CT) images illustrate imaging findings of a urothelial 
carcinoma of the urinary bladder. Figure 5.61a, EU at 
30 min after contrast medium administration shows a fill- 
ing defect of oval shape (arrow) in the left superior part of 
the urinary bladder cavity. Figure , EU of left 
oblique view shows persistent filling defect (arrow) in the 
urinary bladder, suggestive of a bladder tumor. 
Figure 5.62a, enhanced axial CT image of the urinary 


bladder level shows an enhancing soft tissue mass (arrow) 
in the urinary bladder. Figure , enhanced axial CT 
image of excretory phase shows this tumor (arrow) pre- 
senting as a filling defect after contrast opacification of 
the posterior half of the urinary bladder. This tumor has a 
wide stalk and involves left bladder trigone. Figure : 
enhanced coronal CT image of excretory phase shows 
this tumor (arrow) from superior wall of the urinary blad- 
der with involvement of the left ureterovesical junction. 
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Case 41 


Fig. 5.63 


Bladder ultrasound (US) and computed tomography 
(CT) show a left bladder urothelial carcinoma. 
Figure , bladder US of transverse view shows a 
tumor (arrow) at the left urinary bladder. Figure 5.64a, 
unenhanced axial CT image shows an inconspicuous 
mass (arrow) at the left urinary bladder. Figure 5.64b, 
enhanced axial CT image shows contrast enhancement 
of the bladder tumor (arrow), making it more conspic- 
uous. Figure 5.64c, enhanced coronal CT image shows 
this tumor (arrow) from left lateral wall of the urinary 
bladder, consistent with a urothelial carcinoma. Note 
the tumor confined in the urinary bladder which is sup- 
ported by clear perivesical fat. 
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Case 42 


Excretory urography (EU) and computed tomography 
urography (CTU) images illustrate imaging findings of 
urothelial carcinomas of the urinary bladder. Figure 5.65, 
magnification image of the urinary bladder of EU (at 
30 min after contrast medium administration) shows two 
filling defects (arrows) in superior part of the urinary 
bladder cavity. Figure 5.66a, CTU of excretory phase at 
the urinary bladder shows a urothelial carcinoma (arrow) 
presenting as papillary growth. Figure 1, CTU at 
0.5 cm lower than 5.66b shows another urothelial carci- 
noma (arrow) presenting as a polypoid mass. 


Fig. 5.64 


Fig. 5.66 


Case 43 


Fig 


.5.67 


Computed tomography urography (CTU) shows a 
bladder urothelial carcinoma. Figure 5.67a, unen- 
hanced axial CT of CTU shows abnormal thickening 
(arrow) of the anterior wall of the urinary bladder. 
Figure 5.67b, enhanced axial CT of CTU shows dif- 
fuse enhancement of thickened anterior wall (arrow) 
of the urinary bladder. Figure 5.67c, coronal enhanced 
CT of CTU shows irregularity (arrow) of the inner sur- 
face of the tumor located in the bladder dome. A uro- 
thelial carcinoma is considered on CTU. 
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Case 44 


Fig. 5.68 


Computed tomography (CT) shows a bladder urothelial 
carcinoma with gross perivesical extension. Figure 5.682, 
unenhanced axial bladder CT shows a large tumor 
(arrow) of soft tissue density and lobulated outer surface 
(arrowhead). Figure 5.68b, enhanced axial bladder CT 
shows this tumor presenting with a large mass lesion and 
focal wall thickening (arrow). A right lateral protrusion 
(arrowhead) from this tumor suggests gross tumor inva- 
sion to the perivesical area. Figure 5.68c, enhanced axial 
bladder CT at delayed phase shows nonopacification of 
the right middle ureter (arrowhead) with dilated appear- 
ance. In contrast, the left ureter is opacified with normal 
size. The right hydroureter is due to tumor involvement 
of the right bladder trigone by this tumor (not shown). 


5.4 Bladder Urothelial Carcinomas 


Case 45 


Fig. 5.69 


Magnetic resonance imaging (MRI) shows multiple 
urothelial carcinomas of the urinary bladder. 
Figure 5.692, axial T1-weighted image of MRI shows 
multiple tumors (arrowhead) presenting as intermedi- 
ate signal intensity of anterior, right lateral, and poste- 
rior walls of the urinary bladder. Figure 5.69b, axial 
T2-weighted image of MRI shows these tumors over- 
lying bladder walls with low signal intensity (arrow- 
head), suggestive of the absence of tumor invasion to 
the deep muscle layer of the urinary bladder wall. 
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Key Diagnostic Features 


Excretory urography (EU), ultrasound (US), multidetector 
helical computed tomography urography (CTU), and 
magnetic resonance imaging (MRI) could be used for the 
diagnosis of bladder urothelial carcinomas (UCs). On EU, 
bladder UCs appear as filling defects of papillary, polyp- 
oid, or oval shapes or irregular profiles of the urinary 
bladder [10]. However, small UCs of the urinary bladder 
could be undetectable or overlooked on EU [12]. On US, 
bladder UCs appear as echogenic masses from the wall of 
the urinary bladder. CTU could be used for diagnosis and 
staging of bladder UCs. They present as enhancing polyp- 
oid, papillary, sessile masses or irregular thickening of the 
urinary bladder wall. Gross perivesical invasion by blad- 
der UCs could be depicted on CTU. However, the depth of 
tumor invasion in the urinary bladder wall could not be 
clearly shown on CTU. MRI provides more information of 
tumor invasion depth of bladder UCs. Preservation of the 
low signal intensity of the bladder wall on T2WI suggests 
no tumor invasion on the deep muscle layer by bladder 
UCs. 


Main Differential Diagnoses 


1. Bowel air superimposed on the urinary bladder of EU 
On EU, the ileal or rectal air superimposed on the uri- 
nary bladder could simulate intravesicular filling 
defects, especially of supine images. If there is a thin 
white line surrounding a bladder "filling defect," bowel 
gas is more favored because the thin white line repre- 
sents bowel wall. Additional images of oblique views or 
post-voiding films could help in differentiating bladder 
UCs from bowel gas. True intravesicular filling defects 
caused by bladder UCs have consistent pictures and 
intravesicular locations of all images. On the other 
hand, bowel gas may move outside the urinary bladder 
after voiding. 
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5.15 Synchronous Urothelial Carcinomas 


of Multiple Urinary Organs Excretory urography (EU) and computed tomography 
urography (CTU) show bladder and left ureteral uro- 
Case 46 thelial carcinomas. Figure 5.70, EU shows an oval fill- 


ing defect (arrow) at the right urinary bladder cavity, 
contiguous with the right bladder profile. A bladder 
urothelial carcinoma is considered. The left renal pel- 
vicalyceal system (arrowhead) is faintly opacified by 
contrast medium and dilated. No opacification of the 
ureter is noted on this image. Figure 5.71a, enhanced 
coronal CT image of excretory phase of CTU shows an 
enhancing mass (arrowhead) at the right superior wall 
of the urinary bladder, consistent with a bladder uro- 
thelial carcinoma. An enhancing soft tissue lesion 
(arrow) in the left distal ureter extending to the left 
ureterovesical junction is depicted, suggestive of a ure- 
teral urothelial carcinoma. Figure 5.71b, enhanced 
axial CT image of excretory phase of CTU at the left 
distal ureter level shows heterogeneous enhancement 
of the ureteral urothelial carcinoma (arrow). Increased 
periureteric stranding adjacent to the tumor suggests 
high probability of tumor invasion to periureteric area. 
Figure 5.71c, enhanced axial CT image of excretory 
phase at the bladder level shows the ureter tumor 
extending to the left ureterovesical junction with 
involvement of the left bladder trigone (arrow). The 
focal wall thickening (arrowhead) at the right bladder 
trigone is due to the right bladder tumor shown in 
Fig. 5.71b. 


Fig. 5.70 
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Case 47 


Fig. 5.72 


Renal ultrasound (US) and computed tomography 
urography (CTU) illustrate right renal and ureteral 
urothelial carcinomas in a patient. Figure 5.72, right 
renal US of longitudinal scan shows an isoechoic 
mass (arrow) in the right renal upper calyx and pelvis. 
Figure 5.73a, unenhanced axial renal CT image of 
CTU shows a soft tissue density lesion (arrow) in the 
right renal pelvicalyceal system. Figure 5.73b, unen- 
hanced axial CT image at the right proximal ureter 
level of CTU shows dilatation of the right proximal 
ureter (arrowhead) with water density, representing 
hydroureter. Figure 5.73c, unenhanced axial CT 
image at the right middle ureter level of CTU shows a 
large mass of soft tissue density (arrow) occupying 
the right middle ureter. Figure 5.73d, enhanced axial 
renal CT image of CTU shows homogeneous 
enhancement of the right renal soft tissue lesion 
(arrow), suggestive of a renal urothelial carcinoma. 
Figure 5.73e, enhanced axial CT image of the right 
middle ureter of CTU shows presence of contrast 
enhancement of the right middle ureteral lesion, con- 
sistent with a ureteral urothelial carcinoma (arrow). 
Figure 5.73f, magnification view of the right kidney 
of enhanced coronal image at excretory phase of CTU 
shows a urothelial carcinoma occupying right renal 
upper calyx and pelvis with papillary surface (arrow). 
Figure 5.73g, magnification view of the pelvic cavity 
of enhanced coronal image at excretory phase of CTU 
shows a urothelial carcinoma (arrowhead) in the right 
middle ureter. Note dilated caliber of the right ureteral 
segment harboring the urothelial carcinoma. 


5 Lesions of the Urinary Tract and Renal Sinus 
Key Diagnostic Features 


Urothelial carcinoma could occur at the renal pelvicalyceal 
system, ureter, urinary bladder, and the urethra. It is not 
common for patients to present with urothelial carcinomas 
of different urinary organs at the same time. Therefore, in a 
patient with a known history or confirmed presence of uro- 
thelial carcinoma in one urinary organ, a thorough evalua- 
tion of the presence or absence of other concurrent urothelial 
carcinomas in other urinary organs on images is important 
and necessary. For example, a patient presents with gross 
hematuria and subsequent cystoscopy reveals a bladder 
tumor. Transurethral resection of the urinary bladder tumor 
confirmed this bladder tumor being a urothelial carcinoma. 
Nonetheless, whether there is concurrent urothelial carcino- 
mas in the upper urinary tract remains unclear. Computed 
tomography urography (CTU) has the advantage of assess- 
ing the renal pelvicalyceal system, ureter, and urinary blad- 
der in one noninvasive imaging examination [10]. CTU has 
higher sensitivity, specificity, and accuracy for diagnosing 
urothelial carcinomas than excretory urography [12]. 
Therefore, CTU is usually accepted as a first-line imaging 
evaluation in diagnosing urothelial carcinomas of different 
urinary organs, especially of the upper urinary tract [14]. On 
CTU, all the urinary organs of each phase should be care- 
fully evaluated for the presence or absence of imaging signs 
of urothelial carcinomas including enhancing soft tissue 
masses, focal or irregular wall thickening, or filling defects. 
A careful look up of the whole course of the ureter on each 
phase of CTU should be done to identify small urothelial 
carcinomas of the ureter [11], especially in the absence of 
sentinel signs such as hydronephrosis, hydroureter, or peri- 
nephric and periureteral stranding or fluid. Sometimes, very 
small urothelial carcinomas could only be depicted on 
excretory phases of CTU using wide window setting. 
Therefore, if the search for CTU in the renal pelvicalyceal 
system, ureter, and bladder using ordinary soft window set- 
ting fails to detect any urothelial tumor, an additional search 
using wide window setting is mandatory to avoid false- 
negative results. 
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Fig. 5.73 
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5.16 Urethral Urothelial Carcinoma Case 49 


Case 48 


Fig. 5.75 


Fig. 5.74 Computed tomography (CT) illustrates imaging find- 
ing of a urothelial carcinoma in the urethra of a woman. 

Figure , axial enhanced CT image of arterial 

phase shows an enhancing soft tissue mass (arrow- 

Computed tomography (CT) shows a urethral carci- head) surrounding the Foley catheter in the urethra. 
noma in a man. Figure , enhanced coronal CT This finding is compatible with a urothelial carcinoma 
image shows abnormal wall thickening (arrowhead) of found in the urethra during urethroscopy. An enlarged 
the penile urethra, consistent with urethral urothelial lymph node (arrow) at the leftinguinal area is depicted. 
carcinoma. Figure , enhanced axial renal CT Figure , axial enhanced CT image of venous 
image shows the urethral urothelial carcinoma (arrow- phase shows mildly increased enhancement of the 
heads) involving a long part of the penile urethra. tumor (arrowhead) with left inguinal lymph node 


metastasis (arrow). 


5.16 Urethral Urothelial Carcinoma 


Case 50 


Fig. 5.76 


Computed tomography (CT) illustrates imaging find- 
ing of a large urothelial carcinoma in the urethra of a 
woman. Figure 5.76a, axial unenhanced CT image 
shows enlargement of the urethra containing a large 
hypodense area (arrowhead). Figure 5.76b, axial 
enhanced CT image shows heterogeneous enhance- 
ment of the enlarged urethra (arrowhead), consistent 
with a urethral urothelial carcinoma. Figure 5.76c, 
coronal enhanced CT image shows the urethral tumor 
presenting as infravesicular mass (arrowhead), 
simulating a prostate gland in a man. In Fig. 5.76d, 
axial enhanced CT image shows a uterus (arrow) as a 
female reproductive organ. 
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Key Diagnostic Features 


Urothelial carcinoma of the urethra is rarer than that in the 
renal pelvicalyceal system, ureter, and bladder. Enhanced com- 
puted tomography (CT) or magnetic resonance imaging (MRI) 
could sometimes detect and diagnose urethral urothelial carci- 
nomas by the presence of an enhancing soft tissue mass in the 
urethra or abnormal wall thickening along the urethra. 
Nonetheless, small tumors in the urethra could be undetectable 
by images. As urethral urothelial carcinomas are usually 
inspected during urethroscopy, the diagnosis of urethral uro- 
thelial carcinomas is usually based on histological examination 
of biopsies during urethroscopy rather than images. On the 
other hand, imaging studies such as CT or MRI provide addi- 
tional information regarding lymph nodes or distant 
metastasis. 
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5.17 Renal Squamous Cell Carcinoma 


Case 51 


á Fig. 5.79 
Fig. 5.77 


Plain radiograph of the kidney, ureter, and bladder 
(KUB), antegrade pyelography (AP), renal ultrasound 
(US), and computed tomography (CT) illustrate a 
squamous cell carcinoma of the left renal pelvicalyceal 
system. Figure 5.77, magnification view of the kidneys 
of KUB shows multiple calculi of the left (arrow) and 
right kidneys (arrowhead). Figure 5.78, left AP shows 
contrast opacification of dilated left renal upper calyx 
(arrow) and a small medial part of the left renal pelvis. 
There are visible calculi in the left renal pelvis and 
lower calyx but without contrast opacification. 
Figure 5.79, left renal US of longitudinal scan shows 
an echogenic mass lesion (arrows) in dilated left renal 
pelvicalyceal system. Figure 5.80a, unenhanced axial 
CT image at the kidney level shows several high-den- 
sity foci (arrowheads) of both kidneys, representing 
renal calculi. Figure 5.80b, enhanced axial CT image 
at the kidney level shows enhancing soft tissue mass 
lesions (arrowheads) surrounding a left renal calculi, 
Fig. 5.78 suggestive of a renal neoplasm. Renal squamous cell 
carcinoma is highly suspected by the association of 
calculi. There is no contrast opacification of the left 
renal pelvicalyceal system. Figure 5.80c, enhanced 
axial CT image at the right renal lower pole level 
shows a necrotic lymph node (arrowhead) at left para- 
aortic area, representing lymph node metastasis. 
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Case 52 


Computed tomography (CT) and magnetic resonance 
imaging (MRI) show a right renal squamous cell carci- 
noma. Figure , unenhanced axial CT image shows a 
right renal calculus (black arrow) and an adjacent soft 
tissue density lesion (white arrow) with marked dilata- 
tion of the right renal pelvicalyceal system (black arrow- 
head). There is a lesion of soft tissue density (white 
arrowhead) anterior to the abdominal aorta. Figure 5.822, 
axial T2-weighted image of MRI shows the calculus 
having low signal intensity (black arrow). The soft tissue 
mass (white arrow) in the right renal pelvicalyceal sys- 
tem shows intermediate gray signal intensity. The 
preaortic mass lesion (white arrowhead) has intermedi- 
ate signal intensity as well. Figure 5.82b, axial T1-fat- 
suppressed image of MRI after contrast administration 
shows heterogeneous enhancement of the right renal soft 
tissue lesion (arrow) representing a renal neoplasm. The 
preaortic lesions (arrowhead) have a confluent lymph 
node appearance, representing lymph node metastasis. 
Figure , enhanced coronal T1-fat-suppressed image 
shows the renal neoplasm (arrow) at renal central part. 


Fig. 5.80 
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Fig. 5.82 
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Case 53 


Computed tomography (CT) shows a right pelvis squa- 
mous cell carcinoma with lymph node metastasis and 
renal parenchymal invasion. Figure 5.83a, unenhanced 
axial CT image of the right renal pelvis level shows a 
small soft tissue density lesion (arrowhead) in the right 
renal pelvis. The anterior half (arrow) of the right renal 
parenchyma is enlarged. Several calculi in right renal 
calyces are depicted. A hypodense nodule is noted at the 
anatomical location of the inferior vena cava (IVC). 
Figure , unenhanced axial CT image of the right 
renal lower pole level shows a lymph node (arrow) ante- 
rior to the IVC. The right renal lower pole has homoge- 
neous density. Figure , enhanced axial CT of 


excretory phase of the right renal pelvis level shows a 
small filling defect (arrowhead) in the right renal pelvis. 
Note the right anterior renal parenchyma (arrow) is mildly 
hypodense to the posterior renal parenchyma with loss of 
fat plane to the right renal pelvis, suggestive of tumor 
invasion by the right renal pelvis tumor. A retrocaval 
lymph node metastasis is depicted, adhering to the 
IVC. Figure , enhanced axial CT image of the right 
renal lower pole shows mildly heterogeneous enhance- 
ment of right renal lower polar mass (arrowhead), sup- 
porting tumor invasion of the renal parenchyma. The 
precaval lymph node metastasis (arrow) is hypodense to 
the IVC after contrast administration. 
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Key Diagnostic Features 


Renal squamous cell carcinomas are neoplasms of the renal 
pelvicalyceal system, which is less common than urothelial 
carcinomas. Renal squamous cell carcinomas usually pres- 
ent with advanced stage on images with lymph node metas- 
tasis or tumor invasion to the renal parenchyma. Renal 
calculi are a common association of renal squamous cell car- 
cinomas. Therefore, when seeing patients of tumors located 
in the renal pelvicalyceal system with concurrent calculi, 
renal squamous cell carcinoma should be suspected, espe- 
cially of tumors with wide extent or lymph node metastasis. 
Contrast administration is usually necessary to reveal the 
nature of the renal pelvicalyceal system lesion as a neoplasm 
rather than hematoma. Computed tomography is better than 
MRI for depicting and characterizing renal calculi. 
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Main Differential Diagnosis 


]. Renal urothelial carcinomas of advanced stage with con- 
current calculi 
Although renal squamous cell carcinoma associated with 
calculi is a famous imaging sign, it is nonspecific for 
diagnosis. Renal urothelial carcinomas could occur in 
patients with renal calculi as well, especially in stone belt 
regions. Therefore, in patients in stone belt regions, imag- 
ing findings of advanced stages of neoplasms of the renal 
pelvicalyceal system with concurrent calculi could be 
either squamous cell carcinomas or urothelial carcino- 
mas. Their differentiation by imaging alone is usually 
limited, and histological examinations of biopsy or surgi- 
cal specimens are necessary for establishing the final his- 
tological type. 
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5.18 Squamous Cell Carcinomas 
of the Urinary Bladder 


Case 54 


Fig. 5.84 
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Computed tomography (CT) shows a squamous cell 
carcinoma of the urinary bladder with extravesicular 
extension. Figure 5.84a, unenhanced axial CT image 
shows a urinary bladder tumor (arrow) at the left pos- 
terior wall with gross posterior extravesicular exten- 
sion. Figure 5.84b, enhanced axial CT image shows 
the bladder tumor (arrow) having heterogeneous 
enhancement and invasion to left seminal vesicle 
(arrowhead). Figure 5.84c, enhanced axial CT of 
excretory phase of the kidney level shows left hydro- 
nephrosis (arrowhead) with no contrast opacification. 
Figure 5.84d, enhanced axial CT of excretory phase of 
the piriformis muscle level shows two urinary bladder 
calculi (arrowhead) in anterior cavity. There is a soft 
tissue mass (arrow) in the left lateral pelvic cavity pos- 
terior to the left external iliac vesicles representing cra- 
nial tumor extension from the bladder tumor. 
Figure 5.84e, enhanced axial CT image of excretory 
phase of the urinary bladder level shows the bladder 
tumor appearing as a filling defect (arrow) in opacified 
urinary bladder cavity. Radical cystectomy reveals his- 
tological evidence of squamous cell carcinoma of the 
urinary bladder with tumor invasion to left seminal 
vesicles and left pelvic cavity as well as bladder 
calculi. 
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Key Diagnostic Features 


Squamous cell carcinomas of the urinary bladder are associ- 
ated with calculus or chronic infection, similar to the same 
histology found in the renal pelvicalyceal system. By imag- 
ing pictures of the tumors themselves, squamous cell carci- 
nomas of the urinary bladder could not be differentiated 
from urothelial carcinomas. Nonetheless, squamous cell car- 
cinomas of the urinary bladder usually present as a bladder 
tumor of advanced stage (i.e., gross extravesicular extension 
to the adjacent organ or structure, lymph node metastasis). If 
a bladder tumor of advanced stage is seen on images with 
calculus, squamous cell carcinoma should be added into the 
list of differential diagnosis. Histological examination is 
however necessary for confirmation of histological type as 
squamous cell carcinoma. 
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5.19 Small Cell Carcinomas of the 
Urinary Bladder 


Case 55 


Fig. 5.85 


Magnetic resonance imaging (MRI) shows a small cell 
carcinoma of the right urinary bladder with resultant 
right hydronephrosis. Figure 5.85a, unenhanced axial 
T1-weighted image of MRI at the urinary bladder level 
shows an inconspicuous tumor (arrow) at the right poste- 
rior wall of the urinary bladder due to low signal intensity 
of this tumor with low contrast to the urine. Figure 5.85b, 
unenhanced axial T2-weighted image of MRI at the kid- 
ney level shows right hydronephrosis due to right uretero- 
vesical involvement by the bladder tumor. Figure 5.85c, 


unenhanced axial T2-weighted image of MRI at the uri- 
nary bladder level shows a right bladder tumor (arrow) 
with gross posterior perivesical invasion. The tumor has 
predominantly low signal intensity. Figure 5.85d, 
enhanced axial T1-fat-suppressed image of MRI at the 
urinary bladder level shows heterogeneous enhancement 
of this bladder tumor with some necrotic parts. 
Histological examination of radical cystectomy shows a 
small cell carcinoma with necrosis of the urinary 
bladder. 
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Case 56 


Excretory urography (EU) and computed tomography 
(CT) shows a urinary bladder small cell carcinoma. 
Figure , magnification view of the EU post-void- 
ing image of the urinary bladder shows irregular pro- 
file (arrowhead) of the right urinary bladder cavity. 
Figure 5.87a, unenhanced axial CT image shows focal 
wall thickening with irregular surface (arrowhead) at 
the right anterolateral wall of the urinary bladder. 


Figure 5 , enhanced axial CT image shows 
enhancement of the thickened wall (arrowhead). 
Figure , coronal image of the lung using lung 


window shows no evidence of lung tumors. A small 
cell carcinoma of the urinary bladder is evidenced by 
histological examination of specimens in transurethral 
resection of the bladder tumor. 


Fig. 5.86 
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Case 57 


Fig. 5.88 


Fig. 5.89 
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5.20 Adenocarcinomas of the 


Excretory urography (EU) and computed tomography 
(CT) show a urinary bladder tumor with mixed histol- 
ogy types of urothelial carcinoma and small cell carci- 
noma. Figure 5.88a, magnification view of the EU of 
the urinary bladder at 60 min shows an ill-defined fill- 
ing defect (arrow) in the left urinary bladder cavity. 
Figure 5.88b, post-voiding view of EU with focus on 
the urinary bladder shows persistent left bladder filling 
defect (arrow) after voiding. Figure 5.89a, unenhanced 
axial CT image shows obvious thickening (arrow) of 
the left anterior wall of the urinary bladder with a small 
calcified foci (arrowhead). Figure 5.89b, enhanced 
axial CT image of venous phase shows enhancement 
of the thickened bladder wall with irregular inner sur- 
face (arrow) and gross anterior perivesical extension 
(arrowhead). Figure 5.89c, enhanced axial CT image 
of excretory phase shows fading out of contrast 
enhancement of this bladder tumor with perivesical 
nodular extension (arrowhead). Figure  5.89d, 
enhanced coronal CT image of venous phase shows 
the bladder tumor (arrow) occupying the whole left 
lateral wall with an oval shape. Radical cystectomy 
shows a bladder tumor of mixed histology type of uro- 
thelial carcinoma and small cell carcinoma. 


Key Diagnostic Features 


Small cell carcinoma is an uncommon tumor of the urinary 
bladder. As small cell carcinomas most commonly occur in 
the lung, a small cell carcinoma of the urinary bladder is 
considered as a primary bladder tumor only after exclusion 
of the possibility of lung small cell carcinomas. Chest com- 
puted tomography is usually used for evaluating the pres- 
ence or absence of small cell carcinomas of the lung. 
Primary small cell carcinomas of the urinary bladder could 
be a pure histology or mixed with other cell types such as 
urothelial carcinomas. On computed tomography (CT), 
bladder small cell carcinomas have similar imaging findings 
as those of urothelial carcinomas regardless of pure or 
mixed cell types. On MRI, a primary small cell carcinoma 
of the urinary bladder (pure histology type) could appear as 
low signal intensity mass by its high cellularity on 
T2-weighted images [15], which is not typical of bladder 
urothelial carcinomas. CT and MRI could provide informa- 
tion of gross perivesical tumor invasion, lymph node metas- 
tasis, and distant metastasis for bladder small cell carcinomas 
as well. 


Urinary Bladder 


Case 58 


Computed tomography (CT) illustrates a primary ade- 
nocarcinoma of the urinary bladder. Axial enhanced 
CT images of consecutive sections (Fig. 5.90a, b) show 
an enhancing mass (arrows) at the anterior wall of the 
urinary bladder without gross perivesical extension. 
The severe metallic artifacts of the pelvic cavity are 
caused by right hip arthroplasty. On histological exam- 
ination of transurethral resection of the bladder tumor, 
an adenocarcinoma is revealed without identifying any 
urachal remnant. 


5.20 Adenocarcinomas of the Urinary Bladder 


Case 59 
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Fig. 5.91 


Computed tomography (CT) shows an adenocarci- 
noma of the urinary bladder by recurrence of gastric 
cancer. Enhanced axial (Fig. 5.91a) coronal 
(Fig. 5.91b), and sagittal (Fig. 5.91c) CT images of 
excretory phase show a tumor (arrows) saddling on the 
superior wall of the urinary bladder with adjacent peri- 
vesical extension (arrowheads) and adhesion to adja- 
cent bowel loops. 


Key Diagnostic Features 


Adenocarcinomas of the urinary bladder are much less com- 
mon than urothelial carcinomas and squamous cell carcino- 
mas. Urinary bladder adenocarcinomas could be primary in 
origin or secondary to adenocarcinomas of other organs. 
Another origin of bladder adenocarcinomas is from urachal 
remnant known as urachal adenocarcinoma, which usually 
involves the midline of the anterior wall of the urinary blad- 
der. Thus, of an adenocarcinoma in the anterior wall of the 
uarinary bladder, it is necessary to differentiate urachal 
adenocarcinoma from primary bladder adenocarcinoma by 
histological examination. Primary adenocarcinomas of the 
urinary bladder are usually solitary and associated with cys- 
titis glandularis or cystitis cystica. Bladder adenocarcinomas 
secondary from other organs by direct invasions from adja- 
cent organs or distant metastasis usually involve not only the 
urinary bladder but also other organs or anatomical sites on 
images at presentation. 
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5.21 Paraganglioma of the Urinary Bladder 

Excretory urography (EU) and magnetic resonance imag- 
Case 60 ing (MRI) show a paraganglioma of the urinary bladder. 
Figure 5.92, magnification view of the EU of the urinary 
bladder (at 10 min after contrast medium administration) 
shows focal elevation of inferior contour (arrow) of the 
urinary bladder cavity opacified by contrast medium. A 
filling defect (arrowhead) is depicted in the urinary blad- 
der. Figure 5.93a, unenhanced axial T1-weighted image 
of MRI shows a tumor of heterogeneous signal intensity 
with predominant hyperintense signal (arrow) of the 
bladderbase. Figure 5.93b, unenhanced axial T2-weighted 
image (T2WI) of MRI shows this tumor (arrow) appear- 
ing a relatively high signal intensity similar to the bone 
marrow and fat, but lower than water. Figure 5.93c, unen- 
hanced sagittal T2WI of MRI shows this tumor from 
inferior wall of the urinary bladder (arrow). The preser- 
vation of low signal intensity of the inferior wall suggests 
no tumor invasion of deep muscle layer, and thus this 
tumor is in the urinary bladder. Figure 5.93d, enhanced 
sagittal T1-fat-suppressed image shows obvious contrast 
enhancement of this bladder tumor (arrow). Histological 
examination of transurethral resection of the bladder 
tumor evidences a bladder paraganglioma. 


Fig. 5.93 


5.21 Paraganglioma of the Urinary Bladder 


Case 61 
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Fig. 5.94 


Computed tomography (CT) shows a bladder paragan- 
glioma. Figure 5.94a, unenhanced axial CT image 
shows a small nodule (arrow) barely seen in the uri- 
nary bladder. Figure 5.94b, enhanced axial CT image 
shows conspicuous enhancement of this bladder nod- 
ule (arrow). Figure 5.94c, enhanced coronal CT image 
shows this tumor (arrow) from the inferior wall of the 
urinary bladder. The clear perivesical fat suggests no 
gross tumor invasion. A bladder paraganglioma is 
revealed by histological examination of transurethral 
resection of the bladder tumor. 


Key Diagnostic Features 


Paraganglioma of the urinary bladder is an uncommon 
benign bladder tumor of nonepithelial origin. Paraganglioma 
is named for a pheochromocytoma from an organ other than 


the adrenal glands. Similar to adrenal pheochromocytoma, 
bladder paragangliomas typically show strong contrast 
enhancement on computed tomography (CT) or magnetic 
resonance imaging (MRI) and high signal intensity on 
T2-weighted image (T2WI) of MRI. Bladder paraganglio- 
mas are usually a solitary lesion differed from the multicen- 
tric tendency of bladder urothelial carcinomas. Because 
pheochromocytomas are prone to hemorrhage, they may 
appear as high signal intensity on both T1-weighted image 
and T2WI of MRI by intratumoral hemorrhage of subacute 
stage. The strong enhancement and typical signal intensity 
on MRI might help for differentiating bladder paraganglio- 
mas from urothelial carcinomas which are seldom strongly 
enhanced or having high signal intensity on T2WI of 
MRI. Additionally, patients with bladder paragangliomas 
may complain of typical symptoms and signs as fainting, 
palpitation, or dizziness at the time of voiding. Bladder para- 
gangliomas should be put into a high probability of diagno- 
sis for patients with a bladder tumor with such clinical 
characteristics. 
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5.22 Renal Angiomyolipomas Located 
in the Renal Sinus 


Case 62 


Fig. 5.95 


Fig. 5.97 


Fig. 5.96 
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Renal computed tomography (CT), ultrasound (US), 
and magnetic resonance imaging (MRI) show left 
renal sinus angiomyolipoma with anterior protrusion. 
Figure 5.95a, unenhanced renal CT shows a fatty mass 
(arrows) in the left renal sinus enveloping the left renal 
vein (arrowhead). Figure 5.95b, enhanced renal CT 
shows a renal sinus fatty mass (arrow) located anterior 
to the renal calyx. The left renal vein (arrowhead) 
embedded in this fatty mass has a normal caliber. 
There is linear vascularity inside this fatty mass, sug- 
gesting the diagnosis of a renal angiomyolipoma. 
Figure 5.96, renal US shows a hyperechoic mass 
(arrows) at the renal sinus with outward protrusion 
(arrowhead). Figure 5.972, axial T2-weighted image of 
MRI shows a predominantly high signal intensity mass 
(arrows) in the left renal sinus. The renal arterial 
branch is stretched (arrowhead) by this mass. 
Figure5.97b, axial T2-weighted fat-suppressed image 
shows signal drop (arrows) of high signal intensity 
area within this tumor, suggestive of a fatty tumor. 
Figure 5.97c, axial T1-weighted fat-suppressed image 
shows low signal intensity tumor (arrow) in the renal 
sinus and the area anterior to the renal sinus. There is 
contrast medium enhancement (arrowhead) of the 
medial part of the renal sinus tumor (arrow). 


Fig. 5.98 


Renal computed tomography (CT) images show a 
renal sinus angiomyolipoma with minimal fat. 
Figure 5.98a, unenhanced CT image shows an isodense 
tumor (arrow) at the right renal sinus, protruding ante- 
riorly. Figure 5.98b, enhanced CT shows heteroge- 
neous enhancement of this tumor (arrow). There is no 
detectable fat of this tumor. However, histological 
examination of surgical specimen of right nephrec- 
tomy reveals a renal sinus angiomyolipoma. 
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Case 64 


Fig. 5.99 


Renal computed tomography (CT) images and arteriogra- 
phy show a right renal angiomyolipoma predominantly 
located in the renal sinus. Figure 5.99a, unenhanced CT at 
left renal sinus level shows a fatty tumor (arrow) occupy- 
ing the left renal sinus. Figure 5.99b, unenhanced CT at 
the left renal upper pole shows a lobulated fatty tumor 
(arrow) at the medial part of the left kidney. Figure 5.99c, 
enhanced renal CT at left renal sinus level shows a renal 
sinus angiomyolipoma (arrow) displacing the left renal 
pelvis anteriorly. Figure 5.99d, enhanced renal CT at the 


left renal upper pole shows a fatty tumor (arrow) with 
mass effect on the adjacent left renal upper calyx. Note 
irregularly decreased thickness of posterior parts of left 
renal parenchyma shown on Fig. 5.99c, d, suggestive of 
renal parenchymal involvement of the angiomyolipoma 
in addition to the renal sinus. Figure 5.100a, left renal 
arteriography shows a hypovascular tumor (arrows) with 
several small tumor vessels (arrowheads) depicted. 
Figure 5.100b, left renal arteriography shows lack of 
tumor stain (arrows) of the tumor. 
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Fig. 5.100 


Key Diagnostic Features 


Renal angiomyolipomas in the renal sinus are sometimes 
encountered. It could be sometimes difficult to identify a 
renal sinus angiomyolipoma because the renal sinus contains 
abundance of fat tissue as well. The diagnosis of renal sinus 
angiomyolipomas on images is therefore based on the ability 
to differentiate the tumor from normal renal sinus fat by its 
outer contour and its internal vascularity. A renal sinus angi- 
omyolipoma usually has an expansile growth and mass 
effects on adjacent vasculature and renal collecting system. 
However, renal sinus angiomyolipomas could occasionally 


have an infiltrative growth pattern and envelop anatomical 
structures such as vessels or the renal collecting system. 


Main Differential Diagnoses 


1. Renal sinus lipomatosis 
Renal sinus lipomatosis are increased fat in the renal sinus. 
The increased fat is usually roughly symmetric distributed 
in the renal sinus, without a discrete mass formation. 
There is also lack of internal vascularity of renal sinus 
lipomatosis as seen in renal sinus angiomyolipomas. 
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5.23 Renal Sinus Lipomatosis 


Case 65 


Fig. 5.101 


Fig. 5.102 
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Fig. 5.103 


Excretory urography (EU), computed tomography 
(CT), and renal ultrasound illustrate imaging features 
of renal sinus lipomatosis. Figure 5.101 magnification 
view of the EU of the kidney 10 min after contrast 
medium administration shows inconspicuous visualiza- 
tion of opacified bilateral renal pelvicalyceal systems. 
There is ill-defined central radiolucency of central por- 
tions of both kidneys. Enhanced coronal (Fig. 5.102a) 
and axial (Fig. 5.102b) CT images show prominent and 
abundant fat of bilateral renal sinus areas (arrows) as 
renal sinus lipomatosis. The calyces are diffusely 
splayed by renal sinus lipomatosis. Renal ultrasound 
(Fig. 5.103) shows large size of the renal sinus fat pre- 
senting as a central hyperechoic area (arrow). 


Key Diagnostic Features 


Renal sinus lipomatosis represent proliferation of normal fat in 
the renal sinus. Therefore, the normal structures in the renal 
sinus including renal collecting systems and vessels are splayed 
by the abundant fat. On EU, the prominence of renal sinus fat 
is sometimes visible as central radiolucency. On ultrasound, the 
central hyperechoic area representing renal sinus fat becomes 
more conspicuous by abundant fat. On computed tomography 
or magnetic resonance imaging, diffusely increased fat in the 
renal sinus is easily recognizable. Many patients with renal 
sinus lipomatosis are asymptomatic and present as incidentally 
findings on images performed for other purposes. 
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5.24 Renal Schwannoma 


Case 66 


Fig. 5.104 
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5.25 Renal Carcinoid Tumor 
Renal ultrasound and computed tomography (CT) 


show a right renal schwannoma. Right renal ultrasound Case 67 


(Fig. 5.104) shows a solid tumor (arrow) located in the 
central portion of the right kidney, mimicking a right 
renal pelvis tumor. The right renal pelvis (arrowhead) 
is visualized adjacent to the tumor. Unenhanced axial 
renal CT (Fig. 5.105a) shows a right renal homoge- 
neous density mass (arrow) which is isodense to the 
adjacent renal parenchyma. Coronal enhanced CT 
image of nephrographic phase (Fig. 5.105b) shows 
homogeneous enhancement of this renal tumor 
(arrows) with a degree less than normal renal paren- 
chyma. Axial enhanced CT image of excretory phase 
(Fig. 5.105c) shows opacification of the right renal col- 
lecting system (arrowhead) surrounding this tumor 
(arrow). Magnification view of maximum intensity 
projection of coronal excretory phase for computed 
tomography urography shows normal size and opacifi- 
cation of the right renal pelvis (arrowhead) and splay- 
ing of right renal calyces, suggestive of a 
space-occupying lesion of the right renal sinus. 
Histological examination of surgical specimen of right 
nephrectomy reveals a tumor located in the right renal 
sinus with histological evidence of schwannoma. 


Key Diagnostic Features 


Renal schwannoma is a rare tumor, which has been reported 
usually in renal parenchyma or occasionally in renal sinus 
or hilar areas [16]. On images, renal schwannoma is usually 
a solid and homogeneous tumor although cystic degenera- 
tion could sometimes occur [16]. Renal schwannoma has 
been reported as isointensity mass on T1-weighted image, 
high signal intensity lesion on T2-weighted image, and 
homogeneous enhancement after contrast medium admin- 
istration on magnetic resonance imaging [16, 17]. 
Nonetheless, preoperative diagnosis of renal schwannoma 
by images is challenging. Renal schwannoma is usually 
mistaken as a renal cell carcinoma when it is located in 
renal parenchyma and as urothelial carcinoma, in renal 
sinus or hilar regions [16]. 


Fig. 5.106 


Excretory urography (EU) and computed tomography 
(CT) show acarcinoid tumor of right kidney. Figure 5.106 
magnification view of the right kidney of EU at 8 min 
after contrast medium administration shows dilatation of 
right renal calyces (arrowhead) with poor opacification 
of the right renal pelvis (arrow). Unenhanced axial CT 
(Fig. 5.107a)shows a homogeneous soft tissue mass 
(arrow) of central portion of the right kidney. There are 
right renal calyceal calculi. Enhanced coronal CT of cor- 
ticomedullary phase (Fig. 5.107b) shows homogeneous 
enhancement of the central located tumor (arrow) simu- 
lating a right renal pelvis tumor. Enhanced axial CT of 
excretory phase (Fig. 5.107c) shows anterior displace- 
ment of opacified renal pelvis (arrowhead) by this tumor 
(arrow), suggestive of its renal sinus location. 
Histological examination of right nephrectomy reveals a 
carcinoid tumor located in the renal sinus. 


References 


Fig. 5.107 


Key Diagnostic Features 


Primary renal carcinoid tumor is extremely rare [18]. It is dif- 
ficult to obtain a correct preoperative diagnosis by imaging 
findings alone. Renal carcinoid tumors are usually solid tumors 
[18]. However, cystic change, calcification, and necrosis in renal 
carcinoid tumors also occur [18]. Most renal carcinoid tumors 
appear as well-circumscribed tumors with minimal enhance- 
ment [18]. Renal carcinoid tumors usually occur in the renal 
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parenchyma and rarely in the renal pelvis or sinus. Somatostatin 
receptor scintigraphy is most useful for detecting metastatic or 
recurrent lesions from carcinoid tumors after treatment [18]. 
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6.1 Multiple Renal Arteries 


Case 1 


Fig. 6.1 
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Case 2 
Right renal arteriography (RA) shows two right renal 
arteries. Figure 6.1a, right renal arteriography of the 
main right renal artery shows renal upper pole and 
midportion supplied by this renal artery. Note the 
absence of blood supply to the renal lower pole (arrow) 
on this image. Figure 6.1b, right renal arteriography 
from an accessory right renal artery caudal to the main 
artery shows lower pole (arrow) instead of upper pole 
and midportion supplied by this accessory artery. 


Fig.6.2 


Figure 6.2, computed tomography angiography (CTA) 
shows two right renal arteries including one caudal 
main artery (white arrow) and another cranial acces- 
sory artery (white arrowhead). There are three left 
renal arteries (black arrowheads) depicted. 


6.1 Multiple Renal Arteries 


Case 3 


Fig. 6.3 


Computed tomography angiography using split-bolus 
technique shows two left renal arteries using maxi- 
mum intensity projection (MIP) (Fig. 6.3a) and vol- 
ume rendering (VR) (Fig. 6.3b). The left main renal 
artery (arrows) is caudally located to the left accessory 
renal artery (arrowheads). 


Key Diagnostic Features 


Multiple renal arteries are a normal variant and found in about 
25-40 % of patients [1]. On conventional renal arteriography, 
a parenchymal perfusion defect should alert the operator about 
the possibility of the presence of another accessory renal 
artery. On modern imaging modalities such as computed 
tomography angiography (CTA) or magnetic resonance angi- 
ography (MRA), multiple renal arteries could be displayed by 
either magnetic intensity projection or volume-rendering tech- 
niques. Nonetheless, each renal artery regardless of main or 
accessory renal arteries should be traced from its origin to its 
supplying renal parenchymal areas to confirm its nature as a 
true renal artery. It is because overlying vessels anterior or 
posterior to the kidney could mimic renal arteries on three- 
dimensional images. All renal parenchymal perfusion areas of 
multiple renal arteries are enhanced on CTA and MRI. In con- 
trast, renal parenchymal perfusion defects are depicted on cov- 
entional renal arteriography which catheterize only one of 
multiple renal arteries. 
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Main Differential Diagnoses 


1. Occlusion in a polar branch of the renal artery on conven- 
tional renal arteriography 
When a polar branch of the renal artery is occluded, loss 
of renal parenchymal perfusion is depicted on conven- 
tional renal arteriography, mimicking findings of multi- 
ple renal arteries. Nonetheless, careful assessment and 
recognition of the occluded branch itself with cupping 
appearance at the occlusive site or abrupt nonvisualiza- 
tion of distal part beyond the occlusive point suggest its 
nature as vascular occlusion by thromboembolism. 
Furthermore, the remaining opacification of the proxi- 
mal part of an occlusive vessel is usually recognized at 
the same time. 


2. Avascular mass lesion located in a renal pole depicted on 


conventional renal arteriography 

A mass lesion of avascular nature located in a renal pole 
could appear as lack of contrast medium enhancement in 
the corresponding part of the kidney. Nonetheless, the 
anatomical location of a mass lesion is, in general, not 
consistent with the vascular territory of the renal arteries 
but occupying an oval or round region in the renal paren- 
chyma. Furthermore, a mass lesion of considerate sizes 
would have mass effect on the adjacent renal arterial 
branches as well as on the renal pelvicalyceal system, 
which could be usually depicted on conventional renal 
arteriography. 
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6.2 


Two Right Renal Veins 


Case 4 


Fig 


.6.4 


Two right renal veins are depicted on enhanced computed 
tomography (CT) of corticomedullary phase. Figure 6.4a, 
coronal CT image shows two right renal veins (arrows): 
main renal vein cranially located and accessory renal vein 
caudally located. Note the anatomical closeness of the 
two right renal veins. Both right renal veins drain into 
the inferior vena cava (IVC) (arrowheads) separately. 
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Figure 6.4b, axial CT image shows the main right renal 
vein (arrow) entering into the inferior vena cava (arrow- 
heads). Figure 6.4c, axial CT image, 0.3 cm caudal to 
Fig. 6.4b, shows the accessory right renal vein (arrow) 
draining into the inferior vena cava (arrowhead). Note the 
larger size of the main renal vein as compared to that of 
the accessory renal vein. 
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6.2 TwoRight Renal Veins 


Case 5 


Fig. 6.5 
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6.3 Retroaortic Left Renal Vein 
Enhanced computed tomography (CT) of corticomedul- 
lary phase shows two right renal veins in another patient. Case 6 
Figure 6.5a, oblique coronal enhanced CT image shows 
a cranially (white arrow) and another caudally (arrow- 
head) located right renal vein draining into the inferior 
vena cava (IVC (black arrow). Figure 6.5b, coronal 
enhanced CT image shows similar imaging findings of 
two right renal veins: main cranial (white arrow) and 
accessory caudal (arrowhead) ones. Both renal veins 
entered into the IVC (black arrow). Figure 6.5c, axial 
enhanced CT image shows the main cranial right renal 
vein (arrowhead) entering into the IVC (black arrow). 
Figure 6.5d, axial enhanced CT image shows the 
entrance point of the caudal accessory right renal vein 
(arrowhead) into the IVC (black arrow). 


Key Diagnostic Features 


Similar to multiple renal arteries, the diagnosis of two right 
renal veins on images depends on the depiction of two right 
renal veins draining on different parts of the right kidney 
and entering into the inferior vena cava (IVC) at different 
entry points. A careful assessment to confirm absence of 
any venous connection between the kidney and the IVC 
should be done to make a correct diagnosis. On the other 
hand, two right renal veins could be undetected or ignored 
if they are anatomically close to each other. A coronal 
reformat image is usually helpful to confirm that they are 
two separate veins. A thin reconstruction section thickness 
on CT or magnetic resonance imaging (MRI) is also neces- 
sary to depict two renal veins running in parallel of small 
vertical distance. 


Fig. 6.6 


Enhanced computed tomography (CT) shows features 
of retroaortic left renal vein. Figure 6.6a, oblique coro- 
nal CT image with contrast medium enhancement 
shows the left renal vein (arrow) from the left renal hilar 
area toward the abdominal aorta with a superior-lateral 
to inferior-medial course. Figure 6.6b, enhanced axial 
CT at the left renal hilar level shows the left renal 
vein (arrow) more posteriorly located than normal. 
Figure 6.6c, enhanced axial CT, 1 cm caudal to Fig. 6.6b, 
shows the retroaortic part (arrowhead) of the left renal 
vein (arrow) when it enters into the inferior vena cava. 
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Key Diagnostic Features 6.4  Circumaortic Left Renal Veins 


Retroaortic left renal vein is diagnosed on images by identi- Case 7 
fying the retroaortic course of the left renal vein in contrast 
to its normal anteroaortic course. The retroaortic part of the 
left renal vein is usually more caudally located than a normal 
preaortic left vein, which drains to the inferior vena cava at 
the lower lumbar portion and occasionally into the iliac vein 
[1]. Retroaortic left renal vein occurs in about 2-3 % of 
patients [1]. Most left retroaortic veins are asymptomatic and 
are found as incidental findings. 


Main Differential Diagnoses 


1. Circumaortic left renal vein 
The difference between circumaortic left renal vein and 
retroaortic left renal vein lies on whether there is another 
anteroaortic left renal vein accompanying a retroaortic 
left vein. If there is an additional anteroaortic left renal 
vein, then circumaortic left renal vein should be diag- 
nosed instead of retroaortic left renal vein. 


Circumaortic left renal veins are depicted on enhanced 
computed tomography (CT) and magnetic resonance 
imaging (MRI) of T2-weighted images (T2WD. 
Figure 6.7a, axial CT image shows a left renal vein 
(white arrow) going into the inferior vena cava (white 
arrowheads) crossing anteriorly to the aorta (black 
arrow). There is a left renal cyst (black arrowhead). The 
course of this renal vein is identical to that of a normal 
left renal vein. Figure 6.7b, axial CT image, caudal to 
Fig. 6.7a, shows another left renal vein (white arrows) 
going into the inferior vena cava (white arrowheads) 
beneath the aorta (black arrow). Figure 6.8a, axial T2WI 
MRI shows similar pictures as that of Fig. 6.7a. The left 
main renal vein (white arrows) goes anterior to aorta 
(black arrow) before its entrance into the inferior vena 
cava (white arrowheads). Figure 6.8b, axial T2WI MRI 
shows an accessory left renal vein (white arrows) 
located posterior to the aorta (black arrow) before its 
entrance into the inferior vena cava (white arrowhead). 


Fig. 6.8 
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Key Diagnostic Features 


Circumaortic left renal veins are diagnosed on images by the 
presence of two renal vein components: one has a preaortic 
course as that of a normal left renal vein and another has a 
retroaortic course [1]. The aorta is thus surrounded by two 
left renal vein components as the name “circumaortic left 
renal veins" implies. The presence of an additional left renal 
vein is easily ignored when reading images because of 
depicting the presence of a normal left renal vein anterior to 
the aorta. Axial images of CT and MRI are usually more use- 
ful in illustrating anterior or posterior relationships and the 
courses of the two left renal veins to the aorta than coronal or 
sagittal images do. 


6.5 Nutcracker Phenomenon and Syndrome 


6.5 Nutcracker Phenomenon and Syndrome 


Case 8 
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Fig. 6.9 


Computed tomography (CT) images illustrate narrowed 
aortomesenteric angle (AMA) in a patient of nutcracker 
syndrome. Figure 6.9a, enhanced sagittal CT images 
show a small angle formed by the superior mesenteric 
artery (SMA) (arrow) and aorta. The left renal vein 


(arrowhead) is of small caliber in this angle. Figure 6.9b, 
enhanced axial CT image shows narrowing (arrowhead) 
of the left renal vein going through the superior mesen- 
teric artery (arrow) and aorta. Figure 6.9c, axial CT image 
shows dilatation of the left gonadal vein (arrow). 
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Case 9 


Fig. 6.10 


Enhanced computed tomography (CT) shows imaging a dilated left ovarian vein (arrowheads). Figure 6.10c, 
features of nutcracker syndrome in a woman. Figure 6.10a, enhanced coronal CT image shows the lumen size of the 
enhanced axial CT image shows obvious narrowing left ovarian vein (arrowheads), which is similar to that of 
(arrowheads) of the lumen of the left renal vein between left renal vein (arrow). Figure 6.10d, enhanced coronal 
and after passing through the aorta and superior mesen- CT image shows a tuft (arrows) of dilated left ovarian 
teric artery. Figure 6.10b, enhanced axial CT image shows — vein. 
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Case 10 


Fig. 6.11 


Enhanced computed tomography (CT) illustrates imag- 
ing characteristics of nutcracker syndrome. Figure 6.1 1a, 
axial CT image shows abrupt narrowing (black arrow- 
head) of the left renal vein between the superior mesen- 
teric artery and aorta. Figure 6.11b, axial CT image 
shows large caliber of the left renal vein (white arrow) 
before its passing through the superior mesenteric artery 
and aorta. Figure 6.11c, axial CT image shows large size 
of the left ovarian vein (white arrowheads). Figure 6.1 1d, 
axial CT image shows the left ovarian vein (white 
arrowheads). The lumbar collateral vein (white arrow) 
is dilated. 


Key Diagnostic Features 


Nutcracker phenomenon describes narrowed caliber of the 
left renal vein between the aorta and the superior mesenteric 
artery (SMA) [2]. However, many patients undergoing CT 
have an imaging appearance of nutcracker phenomenon and 
are asymptomatic. The aortomesenteric angle (AMA) is the 
angle between aorta and superior mesenteric artery. Smaller 
AMA has been thought to be associated with nutcracker phe- 
nomenon, despite the high variability of AMA reported in 
patients with nutcracker phenomenon and normal controls. If 
the patient is symptomatic, then nutcracker syndrome is 
called [2]. The compression effect on the left renal vein may 
result in left renal vein hypertension and cause hematuria, 
flank pain, or back pain. Compression is more common in 
very skinny patients. An elicitation of the patient's history is 
important for clarification of symptoms and signs. By imag- 
ing studies, the presence of a dilated gonadal vein or varico- 
celes in addition to nutcracker phenomenon implies high 
probability of left renal vein hypertension. Measurement of a 
pressure gradient 23 mmHg via left renal venography may 
diagnose left renal vein hypertension [1]. 
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6.6 Left Side Inferior Vena Cava 


Case 11 


Fig.6.12 


6.6 Left Side Inferior Vena Cava 


Coronal and serial axial enhanced magnetic resonance 
imaging (MRI) shows a left side inferior vena cava (IVC). 
Figure 6.12a, coronal enhanced MRI of T1-weighted image 
(TIWI) with fat suppression (T1FS) shows an IVC (white 
arrows) parallel and left side to the abdominal aorta (black 
arrows). Both common iliac veins (white arrowheads) join 
to form the IVC. The abdominal aorta divides into bilateral 
common iliac arteries (black arrowheads). Note the right 
common iliac artery is located at the right side of the right 
common iliac vein and similarly for the left common iliac 
artery. Figure 6.12b, axial enhanced MRI with T1FS shows 
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left renal vein (white arrowhead) from IVC (white arrow), 
which crosses midline and anterior to the abdominal aorta 
(black arrow). Figure 6.12c, enhanced T1FS MRI, caudal 
to the left renal vein level, shows a IVC (white arrow) left 
lateral to the aorta (black arrow) without visualization of a 
normal right-sided IVC. Figure 6.12d, enhanced TIFS 
MRI of the lower abdomen shows the IVC (white arrow) 
remaining parallel to and left side to the abdominal aorta 
(black arrow). Figure 6.12e, enhanced T1FS MRI at the 
level of iliac vascular bifurcation shows bilateral common 
iliac veins (white arrows) forming the left IVC. 


Case 12 
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Fig. 6.13 


Serial computed tomography illustrates features of the left 
side inferior vena cava (IVC). Figure 6.13a, axial CT 
image at the left renal upper pole level shows a left renal 
vein (white arrows) going into the inferior vena cava 
(white arrowhead), which is right sided to the aorta as nor- 
mal. Note the large size of the left renal vein. Figure 6.13b, 
axial CT image, caudal to Fig. 6.13a, at midportion of the 
left kidney level shows an IVC (white arrow), which is 


Key Diagnostic Features 


Left side IVC is diagnosed based on its left-sided location 
relative to the aorta upon imaging. The IVC is normally 
located right side of the aorta. As bilateral common iliac veins 
enter into the IVC, recognition of their anatomical relation- 
ships to the IVC is important for confirming the true presence 
of left side IVC. Furthermore, recognition of the absence of a 
normal right side IVC on images alerts the readers to search 
the exact location of IVC. Reading serial images is usually 
necessary and sufficient to localize a left side IVC by con- 
firming its continuation and route. Both CT and MRI are use- 
ful for making a correct diagnosis. 


located left side of the aorta (black arrow). Figure 6.13c, 
axial CT image at the left renal lower pole shows the IVC 
(white arrow) remaining left lateral to the aorta (black 
arrow). Note the left gonadal vein (arrowheads) has a par- 
allel course as that of IVC in Fig. 6.13b, c. Figure 6.13d, 
axial CT image at the iliac crest level shows bilateral com- 
mon iliac veins (white arrows) which are left to ipsilateral 
common iliac arteries (black arrows), respectively. 


Main Differential Diagnoses 


1. A prominent left gonadal vein 

A left gonadal vein having a large size is sometimes con- 
fused with a left side IVC on images. However, there are 
several key points for their differentiation. First, left 
gonadal vein drains from the left ovary or left testis, and 
left side IVC continues with bilateral common iliac veins. 
Second, recognition of a normal right side IVC excludes 
the diagnosis of a left side IVC, although double IVC is 
another differential diagnosis in this situation. 
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6.7 Double Inferior Vena Cava 


Case 13 


Fig. 6.14 


Serial enhanced magnetic resonance imaging (MRI) into the right side IVC (white arrow). Figure 6 , axial 


using fat-suppressed T1-weighted images (T1FS) illus- 
trates double inferior vena cava (IVC) and horseshoe 
kidney. Figure 6.14a, axial TIFS MRI at the left renal 
upper pole level shows an IVC (white arrow) located at 
the right side of the abdominal aorta (black arrow). 
Figure 6 , axial TIFS MRI, at the left renal vein 
level, shows the left renal vein (white arrowheads) going 


MRI of TIFS at midportion of the left kidney level 
shows two IVCs (white arrows) paralleling to the 
abdominal aorta. Figure 6 , axial MRI of TIFS, at 
the left renal lower pole level, shows medial fusion of 
both kidneys (white arrowheads) at lower poles. Two 
IVCs (white arrows) are located posterior to the horse- 
shoe kidney. 
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Fig.6.15 


Serial enhanced computed tomography (CT) shows a nor- 
mal location of IVC at the right side of the abdominal aorta. 
Figure 6.15a, enhanced CT shows left renal vein (arrow- 
heads) draining the IVC (white arrows). Figure 6.15b, 
enhanced CT at the left renal midportion level shows a nor- 
mal right side IVC (white arrow). Figure 6.15c, enhanced 


Key Diagnostic Features 


Double IVC is diagnosed by the presence of two IVCs: one 
located at the right side of the aorta and another at the left 
side of the aorta. The right IVC is in continuity with the 
right common iliac vein and left IVC to the left common 
iliac vein. By recognition of the presence of two IVCs with 
continuity to the ipsilateral common iliac veins on serial 
axial or coronal images of computed tomography or MRI, 
one could make a correct diagnosis without difficulty. In 
short, double IVC is the presence of a left side IVC in 
addition to a normal right side IVC. If readers are familiar 
with normal anatomy and pictures of IVC, renal veins and 


CT at the lower abdominal level shows a normal right side 
IVC (white arrow). Figure 6.15d, enhanced CT at the iliac 
fossa level shows bilateral common iliac veins (white 
arrows) located right posteriorly to the ipsilateral common 
iliac arteries, respectively. 


common iliac veins, then indentification of double IVCs 
on images could be achieved. Horseshoe kidney is associ- 
ated with vascular abnormalities. 


Main Differential Diagnoses 


1. A prominent left gonadal vein 
A left gonadal vein having a large size is sometimes also 
confused with double IVCs on images. Nonetheless, the 
identification of left gonadal vein draining from the left 
ovary or left testis provides the clue for differentiation from 
the left side IVC part in a patient having double IVCs. 
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6.8 Circumcaval Ureter (Retrocaval Ureter) 


Case 15 


Fig. 6.16 


Excretory urography (EU), retrograde pyelography (RP), 
and computed tomography (CT) illustrate imaging fea- 
tures of a circumcaval ureter. Figure 6.16a, EU at 10 min 
after contrast medium administration shows delayed 
opacification of the right urotract with right hydronephro- 
sis (arrow). The right ureter is not opacified. Figure 6.16b, 
EU at 30 min after contrast medium administration shows 
opacification of the dilated right renal collecting system 
(arrow) and right proximal ureter (arrowhead). Note the 
right proximal ureter has an abrupt medial deviation 
course. Figure 6.17, right RP shows an abnormal course 
(arrow) of the most proximal part of the right ureter 
before its passage behind the inferior vena cava (IVC). 
The right proximal ureter then goes medially abruptly and 
becomes medial to the right pedicle at the L4 body level. 


Figure 6.18a, unenhanced axial renal CT image shows the 
right proximal ureter (arrow) coursing from a medial 
position to a posterior position of the inferior vena cava 
(IVC). There is a right renal calyceal stone (arrowhead). 
Figure 6.18b, unenhanced axial renal CT image, 0.5 cm 
caudal to Fig. 6.18a, shows the most proximal segment of 
the right ureter (arrow) located medial to the IVC and 
another segment (arrowhead) going from posterior to 
posteromedial position relative to the IVC. Figure 6.18c, 
unenhanced axial renal CT shows the right proximal ure- 
ter (arrow) coursing from the posteromedial to medial 
side of the IVC. There is dilatation of right calyces 
(arrowhead). Figure 6.18d, unenhanced axial CT at the 
pelvic cavity shows a right middle ureteral stone (arrow), 
accounting for right urotract obstruction. 
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6.9 RenalArtery Aneurysm 
Key Diagnostic Features 


Circumcaval ureter describes the abnormal course of the 
proximal ureter surrounding along the posterior circumfer- 
ence of the inferior vena cava (IVC) first (from normal lateral 
positioning to abnormal medial positioning) and then gradu- 
ally going back to normal lateral positioning in its later 
course. Circumcaval ureter is traditionally called retrocaval 
ureter, which emphasizes the abnormal course of a proximal 
segment of the ureter posterior to the inferior vena cava. 
Nearly all circumcaval ureters involve the right ureter, and 
left circumcaval ureter is extremely rare. On EU or RP, an 
abrupt medial course of a right proximal ureter segment arriv- 
ing at a point medial to the ipsilateral lumber pedicle should 
raise the suspicion of a circumcaval ureter. A circumcaval 
ureter is categorized into two types by the level where the 
proximal ureter passes behind the IVC [3]. If the circumcaval 
ureter passes behind the IVC at the level of the renal pelvis, 
there is no or mild degree of hydronephrosis unless there is 
another coexisting cause for obstruction. If the circumcaval 
ureter goes behind the IVC at the third or fourth lumbar ver- 
tebral body level, it shows a typical “fish hook" or “reverse J” 
sign with proximal dilatation before anterior compression 
by the IVC [3]. On cross-sectional imaging of computed 
tomography and magnetic resonance imaging, the posterior 
positioning of a proximal segment of the IVC is readily 
detectable to make a correct diagnosis, regardless of which 
type of circumcaval ureter. 
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6.9 Renal Artery Aneurysm 


Case 16 


Computed tomography angiography using maximum 
intensity projection shows a small saccular aneurysm 
(arrow) at the anterior branch of the right renal artery. 
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Case 17 


Computed tomography (CT) and aortography illustrate 
imaging findings of a ruptured left renal artery aneurysm. 
Enhanced axial CT image at the right renal upper pole 
level (Fig. 6.20a) shows a vascular lesion (white arrow) 
left lateral to the aorta (black arrow) with similar strong 
contrast enhancement. The left kidney (white arrowhead) 
is of small size with poor contrast enhancement. Enhanced 
axial CT image at the right renal midportion (Fig. 6.20b) 
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shows a large vascular lesion with irregular shape (white 
arrow) close to the aorta (black arrow). Left renal artery 
aneurysm rupture is impressed by CT findings and clini- 
cal manifestations of left flank pain of sudden onset and 
decreased blood pressure. Aortography (Fig. 6.21a, b) 
shows left renal artery (arrow) filling in a giant aneurysm 
(arrowheads), which has been proved by subsequent 


surgery. 


6.9 Renal Artery Aneurysm 


Case 18 


Fig. 6.22 


Fig. 6.24 


Plain radiograph of the kidney, ureter, and bladder (KUB) 
(Fig. 6.22), excretory urography (Fig. 6.23), and unen- 
hanced axial computed tomography (Fig. 6.24) show typi- 
cal rimcalcification (arrows) of a left renal artery aneurysm 
(Courtesy of Ching-Jiunn Wu, M.D., Department of 
Radiology, Tri-Service General Hospital, Taipei, Taiwan). 
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Fig.6.23 


Key Diagnostic Features 


Renal arterial aneurysm means abnormal dilatation of the 
renal artery or its branches with either saccular or fusiform 
shapes. Arthrosclerosis is the most common cause of renal 
artery aneurysm [4]. Mural thrombosis and wall calcifica- 
tions are common in renal artery aneurysms. Traditionally, 
conventional renal arteriography is used for its diagnosis; 
however, modern computed tomography angiography and 
magnetic resonance angiography could also delineate its 
presence and locations very clearly [4]. Most renal artery 
aneurysms are found incidentally on images [4]. Of asymp- 
tomatic patients, the typical rim calcification of renal artery 
aneurysms on plain radiograph of the kidney, ureter, and 
bladder as well as excretory urography and computed tomog- 
raphy may hint its presence. However, rupture of renal arte- 
rial aneurysm does occur in rare occasions [4]. 
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6.10 Renal Arteriovenous Malformation 


Case 19 


Fig.6.25 


Fig. 6.26 


Computed tomography (CT) and renal arteriography (RA) — (Fig. 6.25b) shows a tuft of abnormal vessels (arrows) at 
illustrate a right renal arteriovenous malformation (AVM). the right renal upper pole, suggestive of renal AVM. Right 
Unenhanced axial renal CT image (Fig. 6.25a) shows RA images (Fig. 6.26a, b) show a tuft of abnormal vessels 
hematoma (arrowhead) at the right renal pelvis. Enhanced (arrows) supplied by segmental and interlobar arteries 
oblique coronal reconstructed CT image at arterial phase with early drainage to the left renal vein (arrowhead). 
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Case 20 


Fig.6.27 


Computed tomography (CT) and renal arteriography 
(RA) show a right renal AVM. Enhanced renal axial CT 
images at arterial phase (Fig. 6 ) and maximal 
intensity projection (MIP) of computed tomography 
angiography (Fig. 6.27c) show a large tuft of tortuous 
vessels (arrows) supplied by the right renal artery 
(arrowheads), consistent with renal AVM. Right RA 
(Fig. 6.28) shows numerous branches of the right renal 
artery (white arrowhead) that supply the right renal AVM 
(arrows) which is drained by a dilated right renal vein 
(black arrowhead). 


Fig. 6.28 


Case 21 


Fig. 6.30 


Renal ultrasound (US) and arteriography show a right 
renal AVM (Courtesy of Ching-Jiunn Wu, M.D., 
Department of Radiology, Tri-Service General Hospital, 
Taipei, Taiwan). Right renal ultrasound (Fig. 6.29a) 
shows a mass lesion (arrow) at central location of the 
right kidney. Renal Doppler ultrasound (Fig. 6.29b) 
shows obvious vascular flow (arrow) in this mass, sug- 
gestive of a vascular lesion. Right renal arteriography 
(Fig. 6.30) confirms this lesion (arrow) as an AVM. 
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Key Diagnostic Features 


Renal arteriovenous malformations (AVM) are usually con- 
genital lesions, characterized by multiple arterial feeding 
branches with numerous arteriovenous communications 
skipping capillaries [1]. On images, renal AVM could 
mimic other renal lesions such as cysts, hydronephrosis, or 
tumors [1, 5]. The key points to make a correct diagnosis of 
renal AVM are based on demonstration of its vascular 
nature and multiple arteriovenous communications by tai- 
lored imaging techniques depending on different imaging 
modalities. The use of Doppler ultrasound could demon- 
strate its typical flow pattern which differentiates renal 
AVM from other nonvascular lesions [1]. Renal AVM could 
mimic a renal cell carcinoma on enhanced computed 
tomography; however, the use of enhanced CT of arterial 
phase may demonstrate the tuft of an AVM with multiple 
arterial feeding arteries and drainage veins [1, 5]. The flow- 
void appearance of renal AVM on conventional MRI may 
imply its diagnosis [1]. MR angiography or enhanced renal 
MRI at arterial phase is also useful to demonstrate and 
depict renal AVM. Conventional renal arteriography is gen- 
erally used as a confirmatory tool of renal AVM diagnosis 
as well as for pretreatment evaluation before transcatheter 
arterial embolization or surgery [1]. 
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6.11 Renal Vein Aneurysm 


Case 22 


Fig. 6.33 
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Renal ultrasound, computed tomography, and magnetic 
resonance imaging show a left renal vein aneurysm 
(Courtesy of Ching-Jiunn Wu, M.D., Department of 
Radiology, Tri-Service General Hospital, Taipei, Taiwan). 
Renal ultrasound (Fig. 6.31a) shows an anechoic mass 
(arrow) at the left renal hilar area. Doppler ultrasound of 
the left kidney (Fig. 6.31b) shows obvious vascular flow 
(arrowhead) in the mass, implying its nature as a vascular 
lesion rather than a neoplasm. Computed tomography 


Key Diagnostic Features 


Renal vein aneurysm is diagnosed by imaging findings of an 
aneurysm located in the renal vein rather than renal artery 
by Doppler ultrasound, enhanced computed tomography 
(CT), and magnetic resonance imaging (MRI) [6]. Renal 
venous aneurysm is rare and usually asymptomatic [7]. 
Thus, renal vein aneurysms are usually found incidentally 
on images [7]. Renal vein aneurysm may mimic a cyst on 
renal ultrasound by its anechoic appearance. Nonetheless, 
the use of Doppler ultrasound could demonstrate the pres- 
ence of vascular flow [7], which aids in differentiating a 
renal vein aneurysm form a cyst. On the other hand, the use 
of other imaging modalities is usually necessary to confirm 
the location of the aneurysm being in the renal vein. A care- 
ful search of the continuity of the aneurysm to the renal vein 
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angiography (Fig. 6.32a, b) shows a strong enhanced mass 
(arrows) contiguous to the left renal vein (black arrow- 
head) but inferior to the left renal artery (white arrow- 
heads). Left renal vein aneurysm is diagnosed. Magnetic 
resonance angiography (MRA (Fig. 6.33a) shows normal 
appearance of both renal arteries. Magnetic resonance 
venography (MRV, Fig. 6.33b) shows enhancement of this 
renal hilar mass (arrow), which supports the diagnosis of 
left renal vein aneurysm. 


rather than the renal artery should be done on serial images 
of axial, coronal, or even sagittal images on CT and 
MRI. Dynamic images with multiple enhanced phases 
including arterial and venous phases on CT and MRI as well 
as reconstructed computed tomography angiography/venog- 
raphy or magnetic resonance angiography/venography are 
particularly helpful to highlight its anatomical location as 
venous aneurysm. Another important reason for the use of 
dynamic images of CT and MRI to confirm its vascular 
nature is that a venal vascular lesion could mimic a renal 
neoplasm on solitary enhanced phase. The enhanced densi- 
ties identical to the renal vein on dynamic images would 
however alert the reader of its vascular nature. By familiar- 
ity of imaging characteristics and techniques of renal vein 
aneurysms, a correct diagnosis could be made in most 
instances. 
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6.12 Renal Vein Varix 


Case 23 


Fig. 6.34 
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Fig. 6.36 


Renal computed tomography, ultrasound, and arteriogra- 
phy show a right venal varix secondary to arteriovenous 
malformation (AVM). Enhanced renal axial CT images 
(Fig. 6.34a, b) show a right renal AVM (arrow) and vein 
varix (arrowhead). Computed tomography angiography 
using volume-rendering technique (Fig. 6.34c) shows a 
tuft of vessels (arrow) representing renal AVM, which is 
drained by dilated vein as varix of lobulated appearances 
(arrowhead). Enhanced coronal CT images (Fig. 6.34d, e) 
demonstrate right renal AVM (arrows) at upper pole and 
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renal vein varix (arrowheads) at renal sinus area, which is 
contiguous to the right main renal vein. Renal gray-scale 
ultrasound (Fig. 6.35a) shows an anechoic lesion (arrow) 
at central part of the right kidney, simulating hydronephro- 
sis. Doppler ultrasound of the right kidney (Fig. 6.35b) 
shows the mass with conspicuous vascular flow (arrow- 
head), consistent with vein varix. Right renal arteriogra- 
phy (Fig. 6.36a, b) shows early opacification of the right 
renal AVM (arrow) with later opacification of the renal 
vein varix (arrowhead). 


6.13 Renal Arterial Stenosis by Arthrosclerosis 


Key Diagnostic Features 


Renal vein varix could be diagnosed by Doppler ultrasound, 
computed tomography (CT), and magnetic resonance imaging 
(MRI) [1]. Most renal vein varices are secondary to other dis- 
eases including AVM, arteriovenous fistula, renal neoplasms, 
and portal hypertension with collaterals to the kidneys [6]. 
Dynamic imaging of CT and MRI using volume-rendering 
technique is helpful to delineate its location with contiguity to 
the main renal vein [1]. Renal vein varix could mimic hydrone- 
phrosis on gray-scale ultrasound by its anechoic appearance. 
Renal vein varix could simulate a soft tissue tumor on unen- 
hanced CT [1], and even on enhanced CT if only one phase of 
CT has been performed. Nonetheless, renal vein varix should 
be included in the differential diagnosis of a soft tissue mass at 
or near the renal hilar area shown on CT [1]. Before excluding 
the possibility of renal vein varix, renal biopsy should be 
avoided. The signal-void nature of renal vein varix on MRI 
could differentiate it from other neoplasms. For renal vein varix 
secondary to renal AVM or arteriovenous fistula, transcatheter 
arterial embolization is usually useful to treat AVM and associ- 
ated vein varix at the same time. 
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6.13 Renal Arterial Stenosis by 
Arthrosclerosis 


Case 24 


Fig. 6.37 


Computed tomography angiography (CTA) shows bilat- 
eral renal arterial stenosis (RAS) by arthrosclerosis. 
Source axial (Fig. 6.37a, b) and volume-rendering images 
(Fig. 6.37c) of CTA show obvious narrowing of the right 
renal artery at its orifice (white arrowhead). There is left 
RAS at the orifice (black arrowhead) as well. 
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Case 25 


Fig. 6.38 


Magnetic resonance angiography (Fig. 6.38) shows 
renal arterial stenosis at bilateral renal arterial orifices 
(arrowheads). The irregular profile of the abdominal 
aorta is consistent with arthrosclerosis. 


Key Diagnostic Features 


Renal arterial stenosis (RAS) by arthrosclerosis is best 
diagnosed by computed tomography angiography (CTA) 
which shows narrowing of the renal arterial orifices or of 
the proximal segment of the main renal artery, less than 
2 cm distance from the renal arterial orifices [4]. Poststenotic 
dilatation of the distal part of the renal artery is a common 
finding [4]. The enhancement of corresponding renal paren- 
chyma of unilateral RAS is usually less enhanced than the 
normal side [4]. CTA has a high accuracy for diagnosing 
RAS equal to or greater than 70 96 on the basis of axial 
source CT images in addition to reconstructed images using 
volume-rendering or maximum intensity projection [4]. 
Nonetheless, in renal arteries with severe calcifications, the 
presence of RAS could be obscured or underestimated with 
its degree [8]. Magnetic resonance angiography (MRA) is 
also useful for diagnosing RAS by arthrosclerosis [8], 
which is however more expensive than CTA. Duplex ultra- 
sound could be used for assessing RAS which however has 
wide interobserver variations by its operator-dependent 
nature [8]. 
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6.14 Fibromuscular Dysplasia 


Case 26 


Fig.6.39 


Aortography and left renal arteriography (RA) show 
fibromuscular dysplasia of the left renal artery in a 
14-year-old girl. Aortography (Fig. 6.39a) shows 
abnormal dilatation of the left main renal artery with 
left perfusion of the left kidney as compared to the right 
one. Left RA (Fig. 9b) shows “string-of-pearls” 
appearance (arrow), which is located in the middle and 
distal third of the left main renal artery. 


6.14 Fibromuscular Dysplasia 


Case 27 
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Fig. 6.40 


Computed tomography angiography (CTA) shows 
fibromuscular dysplasia of the right renal artery in a 
43-year-old woman. CTA of maximum intensity pro- 
jection (MIP (Fig. 6.40a) and volume rendering (VR, 
Fig. 6.40b) shows tubular stenosis (arrows) of the mid- 
dle portion of the right main renal artery. 


Key Diagnostic Features 


The imaging findings of renal FMD include "string of 
pearls," focal stenosis, aneurysms, dissection, and occlu- 
sion [9], which could be depicted by conventional angiogra- 
phy computed tomography angiography (CTA), and 
magnetic resonance angiography (MRA). Medial fibropla- 
sia is the most common subtype (75-80 96) of FMD, which 
is characterized by “string-of-pearls” or also called “string- 
of-beads" sign [4, 9]. This famous sign represents multiple 
stenoses interleaved with poststenotic dilatations which are 
usually located in the middle and distal third of the main 


renal artery [9]. The caliber of poststenotic dilatations 
(pearls/beads) is larger than the normal caliber in “string- 
of-beads" sign [9]. Other less common imaging findings of 
renal FMD are arterial stenosis, aneurysms, dissection, and 
occlusion [4, 9]. Renal arterial aneurysms in FMD are typi- 
cally fusiform in appearance [4]. Intimal fibroplasia usually 
shows focal stenosis with band-like constriction appearance 
or tubular stenosis of longer segment involvement [9]. 
Perimedial fibroplasia shows bead appearances which are 
less in number and smaller than normal caliber, usually 
found in right renal arteries and in young women [4, 9]. 
Intimal hyperplasia may present with renal arterial dissec- 
tion [4]. 

FMD has a female predominance (91 96) [9]. The typical 
occurrence age of FMD is 20-50 years old but may range 
from 5 to 83 years [4, 9]. The renal artery is the most com- 
mon site of FMD involvement, and other sites are the carotid 
and vertebral arteries of extra-cranial locations [9]. Patients 
with renal FMD usually present with hypertension and are 
occasionally asymptomatic and incidentally found [9]. 
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6.15  Polyarteritis Nodosa (PAN) 

Computed tomography (CT) and right renal arteriogra- 
Case 28 phy (RA) illustrate imaging findings of polyarteritis 
nodosa (PAN) involving the right kidney. Unenhanced 
axial renal CT image (Fig. 6.41) shows acute hema- 
toma at the right perinephric (arrow) and subcapsular 
(arrowhead) areas. Right RA (Fig. 6.42) shows multi- 
ple intrarenal small aneurysms (arrowheads) at inter- 
lobar, arcuate, and segmental arteries. 


Fig.6.42 


6.15 Polyarteritis Nodosa (PAN) 


Case 29 


Fig. 6.43 


Serial computed tomography (CT) images show polyar- 
teritis nodosa (PAN) involving both kidneys (Courtesy of 
Chen-Chih Huang, M.D., Department of Medical Imaging 
and Intervention, Linkou Chang Gung Memorial Hospital, 
Taoyuan, Taiwan). Enhanced axial renal CT image at arte- 
rial phase (Fig. 6.43) shows multiple aneurysms (arrow- 
heads) in the parenchyma of both kidneys. Multiple 


Key Diagnostic Features 


Polyarteritis nodosa (PAN) is characterized by intrarenal 
aneurysms, usually located at the arcuate and interlobar 
arteries on images [4]. Conventional renal arteriography, 
computed tomography angiography, and magnetic resonance 
angiography could demonstrate these small aneurysms 
clearly. Ruptures of these aneurysms result in perinephric, 
renal subcapsular, or intrarenal hematomas [4, 10]. 
Polyarteritis nodosa also causes renal infarcts by occlusion 
of intrarenal arteries [4], which show low-density areas of 
stripes or wedge shapes on enhanced computed tomography 
or magnetic resonance imaging. 
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Fig. 6.44 


low-density areas of stripe appearances of both kidneys 
represent renal infarcts. Unenhanced axial (Fig. 6.44a) 
and coronal (Fig. 6.44b) CT images 1 month later show 
acute hematomas at right intrarenal location as well as 
bilateral subcapsular and perinephric areas. The right kid- 
ney (white arrows) is displaced medially and left kidney 
(black arrows), superiorly by these hematomas. 


PAN is one kind of medium-sized vasculitis, which may 
involve many organs [10-12]. The kidney is the most com- 
monly involved and 70—90 96 of PAN patients have affected 
kidneys [4, 10]. PAN involving the kidney may present with 
gross hematuria, hypertension, renal function deterioration, 
and even renal failure [10]. Because PAN may have a rapid 
progression shortly after its first clinical presentations, it is 
an acute or subacute disease clinically [11, 13]. The clinical 
diagnosis of PAN is usually based on the presence of multi- 
ple aneurysms at typical locations on angiography as well as 
confirmation of necrotizing vasculitis on biopsies of the 
involved organs [10-13]. Therefore, familiarity of PAN 
imaging findings, especially typical intrarenal small 
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aneurysm appearances, may help establish the diagnosis aa 6.16 Renal Infarct 
early as possible for subsequent treatment. 


Case 30 


Main Differential Diagnoses 


1. Wegener's granulomatosis 
Wenger's granulomatosis is one kind of small vessel vas- 
culitis, which involves the kidney, upper airway, and the 
lung [12, 14]. There is an association of intrarenal aneu- 
rysms with vasculitis including not only in PAN but also 
Wegener's granulomatosis [4]. Ruptured renal arterial 
aneurysms simulating PAN on angiography has been 
reported in Wegener's granulomatosis [14]. Nonetheless, 
typical clinical manifestations (e.g., epistaxis, hemopty- 
sis, and pneumonia) related to upper airway and lung 
involvement may suggest the diagnosis of Wegener's 
granulomatosis rather than PAN, even in the presence of 
intrarenal aneurysms on images [12]. 
2. Systemic lupus erythematosus 

Systemic lupus erythematosus (SLE) usually involves 
interlobular arteries with sparing of interlobar arteries [4]. 
Small intrarenal aneurysms are less common in SLE than 
PAN [4]. Perinephric hemorrhage rarely occurs in SLE 
patients [4]. On the other hand, renal venous thrombosis 
is common in SLE by associated nephrotic syndrome [4]. 


Fig. 6.45 


Fig. 6.46 


Computed tomography (CT) and right renal arteriogra- 
phy (RA) show right renal global infarct by total occlu- 
sion of the right renal artery in a blunt abdominal 
trauma patient. Enhanced axial CT image (Fig. 6.45) 
shows right renal infarct presenting as diffuse absence 
of renal enhancement (white arrow) and opacification 
of right renal artery only to proximal segment (black 
arrow). The right kidney is displaced anteriorly by a 
right retroperitoneal hematoma (white arrowhead). 
There is hemoperitoneum (black arrowhead) at the 
peri-hepatic area and Morrison's pouch due to liver 
lacerations (not shown). Right RA (Fig. 6.46) shows 
total occlusion of the right renal main artery at proxi- 
mal segment (arrow). Follow-up enhanced CT of axial 
(Fig. 6.47a) and coronal (Fig. 6.47b) images 12 days 
later show new appearance of cortical rim sign (arrow- 
heads) in addition to preexisting renal parenchymal 
non-enhancement. There is decreased amount of right 
retroperitoneal hematoma. 
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Computed tomography (CT) shows left renal global 
infarcts in a patient with blunt abdominal trauma. 
Axial enhanced corticomedullary phase (Fig. 6.48a) 
and excretory phase (Fig. 6.48b) CT images show 
complete absence of contrast medium enhancement of 
the left renal parenchyma at left renal midportion 
(arrow, Fig. 6.48a) and lower pole (arrow, Fig. 6.48b), 
consistent with renal infarct. There is increased left 
perinephric strandings (arrowhead) by trauma. 
Absence of contrast medium excretion of the left renal 
pelvicalyceal system resulting from left renal infarct 
is depicted on Fig. 6.48b as well. 
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Case 31 


Fig. 6.50 


Computed tomography (CT) and right renal arteriogra- 
phy (RA) illustrate imaging findings of infarcts at the 
right kidney and spleen. Enhanced axial CT image at 
spleen level (Fig. 6.49a) shows focal spleen infarct 
(arrowhead) presenting as non-enhancing low-density 
area of wedge shape with well demarcation from nor- 
mal spleen. Enhanced axial CT image at renal upper 
pole level (Fig. 6.49b) shows no enhancement of lat- 
eral half of the right renal upper pole as renal infarct 
(arrow) in addition to spleen infarct (arrowhead). 
Enhanced axial CT image at bilateral renal midportion 
level (Fig. 6.49c) shows no contrast enhancement of 
right renal parenchyma (arrow), consistent with renal 
infarct. Right RA (Fig. 6.50) shows complete occlu- 
sion of the right renal artery at proximal segment by a 
filling defect (arrow). A right renal polar branch is 
spared with resultant preservation of blood flow to a 
small medial part (arrowhead) of the right renal upper 
pole. Renal and spleen infarcts by embolisms are 
impressed. 


Fig. 6.49 


6.16 Renal Infarct 


Case 33 
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Fig. 6.51 


Computed tomography (CT) illustrates bilateral renal 
and spleen focal infarcts. Enhanced axial CT images 
(Fig. 6.51a, b) show wedge shapes of low-density 
areas in both kidneys (arrows) and spleen (arrow- 
head), consistent with focal infarcts. Subsequent car- 
diac ultrasound reveals mitral valve vegetation, and a 
clinical diagnosis of infective endocarditis has been 
made by other supportive clinical and laboratory data. 


Key Diagnostic Features 


Renal infarcts are readily diagnosed on contrast-enhanced 
computed tomography (CT) by the absence of contrast 
enhancement of the corresponding renal parenchymal areas 
depending on the sites of the involved arteries [4]. Global 
renal infarct shows complete loss of contrast enhancement 
of the whole kidney with maintained reniform [4]. Complete 
occlusion of the corresponding renal artery could be also 
possibly depicted on contrast-enhanced CT and best delin- 
eated on computed tomography angiography (CTA) by 
abrupt termination of opacified main renal artery. Focal 
renal infarcts typically show well-demarcated wedge- 
shaped areas of the renal parenchyma without contrast 
medium enhancement [4]. A cortical rim sign as peripheral 
rim enhancement of the infarct area usually appears several 
days after renal infarct [4]. A variety of causes could result 


in renal infarcts [4]. The most common cause of renal infarct 
is thromboembolism by cardiac or vascular origin [4]. Other 
causes of renal infarcts include trauma, vasculitis, hyperco- 
agulable status, paraneoplastic syndrome, and acute venous 
occlusion [4]. Renal infarcts caused by embolism could 
involve both kidneys and accompany infarcts of other 
organs. Trauma-related renal infarcts usually have other 
organ injuries or retroperitoneal hematoma on CT. After 
acute stage of renal infarcts, renal atrophy would be depicted 
at the corresponding sites on CT. The typical imaging signs 
of renal infarcts on CT usually allow a diagnosis with 
confidence. 


Main Differential Diagnoses 


1. Acute pyelonephritis 

Acute pyelonephritis could appear as low-density areas of 
wedge shapes on contrast-enhanced CT, which simulates 
focal renal infarcts. The presence of cortical rim sign at 
the periphery of wedge-shaped area suggests the diagno- 
sis of renal infarcts. Nonetheless, the absence of cortical 
rim sign could occur in renal infarcts as well. The direct 
visualization of occluded renal artery or its branches on 
enhanced CT or CTA confirms the diagnosis of renal 
infarcts. On the other hand, coexisting renal abscess, ret- 
roperitoneal abscess, and infection signs of the perineph- 
ric spaces on CT as well as pyuria on urine examination 
imply the diagnosis of acute pyelonephritis. 
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6.17 Renal Vein Thrombosis Case 35 


Case 34 


Fig. 6.53 
Fig. 6.52 

Computed tomography (CT) shows a left renal urothe- 

lial carcinoma with left renal vein thrombosis. 
Computed tomography (CT) shows left renal cell car- Unenhanced (Fig. 6.53a) and enhanced (Fig. 6.53b) 
cinoma with tumor thrombosis in the left renal vein. axial CT images show a left renal tumor (arrows) 
Axial unenhanced CT image (Fig. 6.52a) shows a het- occupying nearly the whole kidney with involvement 
erogeneous mass (arrow) at the anterior part of left of both the renal parenchyma and collecting system. 
renal parenchyma with a large left renal vein (arrow- Left renal vein thrombosis (white arrowheads) extends 
heads). Axial enhanced CT image (Fig. 6.52b) shows from the left kidney to the junction of the inferior vena 
heterogeneous enhancement of this renal tumor cava (black arrowhead). 


(arrow). Renal cell carcinoma is impressed. Abnormal 
enhancing thrombosis (arrowheads) in left renal vein 
is noted by direct tumor invasion. Histological exami- 
nation of left radical nephrectomy validates a left renal 
cell carcinoma with tumor thrombosis in left renal 
vein. 


6.18 Inferior Vena Cava Thrombosis 


Key Diagnostic Features 


Renal vein thrombosis is diagnosed by direct visualization of 
thrombosis within a renal vein upon imaging. Ultrasound is 
usually firstly used for initial evaluation of renal vein throm- 
bosis [1, 4]. On gray-scale ultrasound, renal vein thrombosis 
itself is usually hypoechoic in acute stage and hyperechoic in 
chronic stage [1]. Decreased flow of renal vein could be 
shown on Doppler ultrasound [1]. The direct sign of renal 
vein thrombosis on enhanced computed tomography or mag- 
netic resonance imaging is a filling defect in contrast- 
opacified renal vein [4]. In acute renal vein thrombosis, there 
are other indirect signs accompanying renal vein thrombosis, 
including enlarged size of the involved renal vein and ipsilat- 
eral kidney, increased perinephric stranding (representing 
edema), as well as delayed and altered nephrogram [4]. In 
chronic renal vein thrombosis, the size of the involved renal 
vein becomes small, collaterals may develop from renal hilar 
area to periureteral areas, and ipsilateral gonadal vein could 
be dilated [1, 4]. Renal vein thrombosis occurs by a variety 
of underlying conditions including hypercoagulable state 
(e.g., nephrotic syndrome), neoplasms, trauma, or dehydra- 
tion (in infants) [4]. Renal vein thrombosis by renal neo- 
plasms is most frequent in renal cell carcinomas; however, 
urothelial carcinoma or Wilms” tumor may occasionally have 
renal vein thrombosis [4]. The renal vein is directly invaded 
by the renal neoplasms, and tumor thrombosis in the renal 
vein thus forms. [4] Heterogeneous enhancement of the 
thrombosis itself suggests its nature as tumor thrombosis [4]. 
Renal vein thrombosis may extend to the inferior vena cava 
or ipsilateral gonadal vein. Thus, the aims of images in 
assessing renal vein thrombosis are to identify its location, 
clarify its extent, and to find out the possible underlying 
causes whenever possible. 
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6.18 Inferior Vena Cava Thrombosis 


Case 36 


Magnetic resonance imaging (MRI) shows IVC throm- 
bosis in a patient with nephrotic syndrome. Unenhanced 
contiguous axial T2-weighted images (Fig. 6.54a, b) 
show IVC thrombosis presenting as a high signal inten- 
sity lesion (arrowhead) within the IVC lumen 
(Fig. 6.54b) in contrast to normal signal-void appearance 
of IVC (arrow, Fig. 6.54a). 


Case 37 
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Fig. 6.55 


Computed tomography (CT shows tumor thrombosis in 
the inferior vena cava (IVC) associated with left renal 
vein thrombosis which resulted from a left renal cell car- 
cinoma. Coronal (Fig. 6.55a) and axial enhanced CT 
(Fig. 6.55b-d) images show IVC thrombosis (black 
arrowheads) in the intrahepatic (Fig. 6.55b) and infrahe- 
patic (Fig. 6.55c) portions. Thrombosis in the anterior and 


Key Diagnostic Features 


It is important to diagnose the presence, extent, and underly- 
ing conditions of inferior vena cava (VC) thrombosis by 
ultrasound, computed tomography (CT), or magnetic reso- 
nance imaging (MRI). A variety of conditions may result in 
IVC thrombosis, including hypercoagulable state, abdomi- 
nal malignancy (e.g., renal cell carcinoma), and extension of 
thrombosis from the renal vein or iliofemoral veins [15]. 
Doppler ultrasound is often firstly used for evaluating IVC 
thrombosis, which shows monophasic IVC waveform [15]. 
Doppler ultrasound is however operator dependent for 
detecting IVC thrombosis [15]. Conventional IVC venogra- 
phy has been traditionally used for diagnosing IVC thrombo- 
sis and its extent [15]. However, CT and MRI have replaced 
conventional IVC venography for this purpose [15]. On CT, 
IVC presents as a filling defect within opacified IVC lumen 
[15]. Nonetheless, poor opacification of the IVC lumen at 


posterior branches (white arrowheads) of the left renal 
vein is noted (Fig. 6.55d). Heterogeneous enhancement of 
IVC thrombosis itself suggests its nature as a tumor 
thrombosis (Fig. 6.55c), which is also supported by the 
presence of a left renal cell carcinoma (white arrows) 
with a lymph node metastasis (black arrow). 


early phase of enhanced CT could be falsely regarded as IVC 
thrombosis [15]. A further look at the IVC in the lateral 
phase of enhanced CT could help differentiate poor opacified 
IVC from true IVC thrombosis. A true IVC thrombosis 
appears consistent and persistent filling defect appearances 
on all phases of enhanced CT. On the other hand, poor opaci- 
fication of IVC on early enhanced CT phase becomes homo- 
geneous opacified on later enhanced CT phase. On MRI, 
normal IVC appears to have low signal intensity by signal- 
void effect. IVC thrombosis shows abnormal signal intensity 
area in signal-void IVC lumen on MRI. Tumor (or so-called 
malignant) thrombosis in IVC could be differentiated from 
benign “bland” thrombosis by enhancement of thrombosis 
itself and the presence of a tumor contiguous to the thrombo- 
sis on CT or MRI [15]. CT and MRI are comparable for 
detecting IVC thrombosis and demonstrating its extent [16]. 
Ultrasound is less accurate than CT and MRI for diagnosing 
IVC thrombosis except for intrahepatic portion [16]. 
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6.19 Spontaneous Renal or Retroperitoneal Hemorrhage 


Case 38 


Fig. 6.56 


Computed tomography shows spontaneous hemorrhage (arrows) at right perinephric and subcapsular spaces with 
at right renal subcapsular and perinephric space in a compression on the right kidney (arrowheads). Both kid- 
patient with end-stage renal disease (ESRD). Unenhanced neys are very small, consistent with ESRD. Multiple cysts 
axial (Fig. 6.56a), enhanced axial (Fig. 6.56b), and coro- of both kidneys are depicted as acquired cystic kidney 
nal CT (Fig. 6.56c) images show acute hematoma disease (ACKD). 
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Case 39 


Fig.6.57 


Computed tomography (CT) and left renal arteriography 
(RA) show spontaneous left retroperitoneal hematoma 
by renal angiomyolipomas in a patient with tuberous 
sclerosis complex. Unenhanced axial renal CT image 
(Fig. 6.57) shows multiple fatty tumors in both kidneys, 
termed as bilateral renal angiomyolipoma. There is acute 


Key Diagnostic Features 


Spontaneous renal and perinephric hemorrhage is usually 
readily diagnosed on computed tomography (CT). An extra 
effort to search for underlying diseases or conditions 
responsible for spontaneous hemorrhage should be done. 
Spontaneous renal and perinephric hemorrhage could result 
from neoplasms, vasculitis, anticoagulation therapy, reno- 
vascular lesions, infection, nephritis, or end-stage kidney 
disease (ESRD) [4, 17]. Among these causes, renal neo- 
plasms are most common, followed by vasculitis [4]. The 
detection of renal fatty tumor adjacent to spontaneous hem- 
orrhage on CT could make a diagnosis of renal angiomyo- 
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Fig.6.58 


hematoma at the left retroperitoneal space (arrow). Renal 
angiomyolipoma rupture with spontaneous hemorrhage 
is considered on CT. Left RA (Fig. 6.58) shows multiple 
aneurysmal dilatations (arrowheads) of tumors vessels, 
which are typical angiographic findings of renal 
angiomyolipomas. 


lipoma rupture with confidence. Enhanced CT is usually 
necessary for detecting renal cell carcinomas responsible 
for spontaneous hemorrhage [4]. As for renovascular 
lesions, computed tomography angiography, magnetic res- 
onance angiography, and conventional renal arteriography 
could usually demonstrate these vascular abnormalities. In 
ESRD patients, acquired cystic kidney disease is the most 
common cause of spontaneous hemorrhage [17]. If there 
are no identifiable causes on CT or subsequent imaging 
studies, clarification of anticoagulation therapy is neces- 
sary. Overall, imaging studies usually could detect sponta- 
neous renal or perinephric hemorrhage as well as diagnose 
most of the underlying causes. 
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7.1 Retroperitoneal Liposarcoma 


Case 1 


Fig. 7.1 
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Case 2 


Fig.7.1 (continued) 


Computed tomography (CT) shows imaging findings 
of a retroperitoneal liposarcoma with identifiable fatty 
and soft tissue parts. Scout image of CT (Fig. 7.1a) 
shows a large space-occupying lesion (arrow) of the 
right abdomen with displacement of bowel loops. 
Unenhanced (Fig. 7.1b) and enhanced (Fig. 7.1c) axial 
CT images at right renal lower pole level show a right 
retroperitoneal tumor (arrows) surrounding the right 
kidney without obvious renal involvement. There are 
identifiable fatty parts (white arrowheads) in this 
tumor. Enhanced axial CT at the right infrarenal level 
(Fig. 7.1d) shows an obvious enhancing soft tissue part 
(black arrowhead) in addition to the fatty part of this 
retroperitoneal tumor. A retroperitoneal liposarcoma is 
considered on CT. Histological examination of surgi- 
cal specimen of the tumor reveals a retroperitoneal 
well-differentiated liposarcoma. 


Fig. 7.2 


71 Retroperitoneal Liposarcoma 


Computed tomography (CT) and magnetic resonance 
imaging (MRI) illustrate imaging characteristics 
of a retroperitoneal myxoid liposarcoma. Unenhanced 
(Fig. 7.2a) enhanced early  corticomedullary 
phase (Fig. 7.2b), enhanced late corticomedullary 
phase (Fig. 7.2c), and enhanced nephrographic phase 
(Fig. 7.2d) CT images show gradually increased 
enhancement of a right retroperitoneal tumor (arrows) 
with an ill-defined reticular pattern. Note the tumor 
has a density lower than the adjacent muscle, simu- 
lating a cyst on unenhanced image. The right kidney 
(arrowheads) is displaced anteriorly and laterally by 
this tumor. A myxoid liposarcoma is impressed on CT 
and has been proved by subsequent histological exami- 
nation of resected tumor specimen. 


Key Diagnostic Features 


The most common retroperitoneal sarcoma is liposarcoma [1]. 
On computed tomography (CT), a retroperitoneal tumor 
containing fat and soft tissue parts suggests a diagnosis of a 
retroperitoneal liposarcoma [1, 2]. The diagnosis of fat in a 
tumor on CT is based on its low density which is identical to 
that of subcutaneous, peritoneal, or retroperitoneal fat by 
visual inspection. A measured mean density of a region of 
interest less than —10 Hounsfield units on CT also provides a 
quantitative way for fat detection. On magnetic resonance 
image (MRI), fat appears as a high signal intensity region on 
T1-weighted images (T1WI) and has signal drop on T1-fat- 
suppressed (T1FS) images [2]. The detectability of gross fat 
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on images of retroperitoneal liposarcomas is somewhat 
related with histological subtypes [1]. Well-differentiated 
liposarcoma often has detectable fat on CT or MRI, and 
other subtypes of liposarcomas may not have detectable fat 
[1]. On CT, myxoid liposarcomas are characterized by pseu- 
docystic appearance on unenhanced images and increased 
reticular or swirl enhancement over time on enhanced images 
[1]. On MRI, myxoid liposarcomas appear as a homoge- 
neous mass of low signal intensity on T1-weighted images 
and high signal intensity on T2-weighted images (T2WT) [1]. 
Other subtypes (i.e., pleomorphic and dedifferentiated) of 
liposarcomas without detectable fat could have similar 
appearance as other sarcomas [1]. 


Main Differential Diagnoses 


1. Other retroperitoneal sarcomas 
In the absence of detectable fat or imaging characteristics 
of a myxoid tumor, a retroperitoneal liposarcoma may 
not be distinguishable from other sarcomas on imaging 
studies [1]. 

2. Angiomyolipomas with retroperitoneal involvement 
The presence of aneurysmal dilatation, bridging ves- 
sel sign, and linear vascularity in a retroperitoneal fatty 
tumor with coexisting discrete fatty tumors in the kidney 
suggests the diagnosis of angiomyolipoma rather than 
liposarcoma [2]. 

3. Retroperitoneal teratoma 
Retroperitoneal teratoma is a retroperitoneal tumor con- 
taining fat as well. However, retroperitoneal mature tera- 
tomas usually have fluid content, fat-fluid layering, and 
calcifications in addition to fat [1]. 
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7.2 Malignant Fibrous Histiocytoma 
of the Retroperitoneum 


Case 3 


Fig. 7.3 
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Computed tomography (CT) shows imaging findings 
of a malignant fibrous histiocytoma (MFHS) in the left 
retroperitoneum. Unenhanced (Fig. 7.3a) and enhanced 
(Fig. 7.3b) axial CT at left renal upper pole show a 
well-defined soft tissue mass (arrows) between the left 
kidney and pancreatic tail. The left kidney is slightly 
compressed by this tumor. Enhanced axial CT at the 
left suprarenal level (Fig. 7.3c) shows this tumor 
(arrow) abutting lateral limb (arrowhead) of the left 
adrenal gland. Histological examination shows an 
MFHS of 8 cm in largest diameter. 


Key Diagnostic Features 


Malignant fibrous histiocytoma (MFHS) is the third most 
common retroperitoneal sarcoma [3]. MFHS typically 
presents as a large well-defined tumor of soft tissue density 
similar to that of muscle on unenhanced CT and heteroge- 
neous enhancement after contrast medium administration 
[3]. Necrosis is common in large MFHS [3]. Calcification is 
occasionally found (7—20 %) in MFHS with reported “ring- 
like” or “lumpy” appearance [3]. About 40 % of MFHS has 
close proximity to the kidney with renal invasion, compres- 
sion, or displacement [3]. 


Main Differential Diagnoses 


1. Other retroperitoneal sarcomas 
On computed tomography (CT), MFHS has a nonspecific 
picture, which is similar to retroperitoneal leiomyosar- 
coma or pleomorphic and dedifferentiated liposarcoma [3]. 


73 Retroperitoneal Leiomyosarcoma 


7.3 


Case 4 


Fig. 7.4 


Retroperitoneal Leiomyosarcoma 


315 


Computed tomography (CT) and magnetic resonance 
imaging (MRI) show a retroperitoneal leiomyosar- 
coma with involvement of the inferior vena cava (IVC). 
Unenhanced (Fig. 7.4a) and enhanced (Fig. 7.4b) 
axial CT images show a solid tumor (arrows) with 
irregular profiles and similar density to the muscles. 
Nearly complete non-visualization of the IVC sug- 
gests a tumor involvement. Coronal enhanced CT 
(Fig. 7.4c) shows ill-defined border between this tumor 
(arrow) and opacified cranially located IVC as well as 
a long segment of caudal IVC containing thrombosis 
(arrowhead). Unenhanced axial Tl-weighted image 
(Fig. 7.5a) and T2-weighted image (Fig. 7.5b) on MRI 
show low signal intensity of this tumor (arrow) on both 
pulse sequences. The IVC is completely obliterated by 
this tumor. Enhanced T1-fat-suppressed image at the 
kidney (Fig. 7.5c) and lower abdomen (Fig. 7.5d) level 
shows moderate enhancement of this tumor (arrow) 
with IVC thrombosis (arrowhead). At surgery, an 
IVC origin tumor is impressed by tumor involvement 
of the IVC wall and retrocaval tumor extension with 
IVC thrombosis. Histological examination reveals a 
leiomyosarcoma. 


316 


Fig. 7.5 
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Key Diagnostic Features 


Leiomyosarcoma (MFHS) is the second most common ret- 
roperitoneal sarcoma [3]. Retroperitoneal leiomyosarcomas 
come from vessels, remnant of Wolffian or Mullerian duct, 
or spermatic cord [3]. A retroperitoneal tumor with contigu- 
ous extension to the vessel (most commonly IVC) on images 
suggests the diagnosis of a leiomyosarcoma [3]. This is 
because other sarcomas rarely have intravascular tumor 
extension [3]. Retroperitoneal leiomyosarcoma without 
intravascular extension (about 60 % of leiomyosarcomas) 
usually presents as a large tumor with obvious central necro- 
sis [3] and thus heterogeneous density on CT as well as het- 
erogeneous signal intensity on MRI [1]. On the other hand, 
leiomyosarcomas of intravascular location in the IVC are 
usually of smaller sizes without necrosis and have densities 
similar to muscle on CT [3] as well as low signal intensity 
on MRI. 
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7.4 Lymphoma With Retroperitoneal Involvement 


Case 5 


Fig. 7.6 


Computed tomography (CT) shows imaging findings of CT (Fig. 7.6c) at 1.5 cm caudal to Fig. shows a large 


lymphoma with axillary, retroperitoneal, and pelvic cav- 
ity involvement. Enhanced axial CT at upper chest level 
(Fig. ) shows an enlarged lymph node (arrow) at the 
left axillary region. Enhanced axial CT at the left renal 
vein level (Fig. 7.6b) shows two enlarged lymph nodes 
(arrowheads): one anterior to the inferior vena cava (IVC) 
and another anterior to the left renal vein. Enhanced axial 


mass (arrow) adjacent to the IVC by confluence of 
enlarged lymph nodes. Enhanced axial CT at pelvic cav- 
ity (Fig. ) shows a right external iliac lymph node 
involvement (arrow). Enhanced axial CT at inguinal area 
(Fig. 7.6e) shows a right inguinal lymph node enlarged 
(arrowhead). All these findings are consistent with histo- 
logical evidence of lymphoma by biopsies. 
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Case 6 


Fig.7.7 


Fig. 7.8 


74 Lymphoma With Retroperitoneal Involvement 


Computed tomography (CT) and magnetic resonance 
imaging (MRI) illustrate imaging characteristics of a 
left retroperitoneal lymphoma involving the left retro- 
peritoneal space, left adrenal gland, left kidney, pan- 
creatic tail, and spleen. Unenhanced (Fig. 7.7a) and 
enhanced CT (Fig. 7.7b) at left renal upper pole level 
show a left retroperitoneal tumor (arrows) with oblit- 
eration of fat plane to left renal upper pole. This tumor 
has homogeneous density on both unenhanced and 
enhanced CT images. Unenhanced axial T1-weighted 
image (Fig. 7.8a) and T2-weighted (Fig. 7.8b) images 
of MRI show low signal intensity of this tumor (arrows) 
on both pulse sequences. In contrast to the normal 
appearance of the right adrenal gland, the left adrenal 
gland could not be visualized, suggestive of probable 
left adrenal involvement by this tumor. Pancreatic tail 
involvement (arrowheads) could be depicted as well. 
Enhanced axial T1-fat-suppressed image (Fig. 7.8c) 
shows splenic involvement (arrowhead) by this tumor. 
Unenhanced coronal image (Fig. 7.8d) shows this 
tumor (arrow) with heterogeneous enhancement and 
involvement of the left renal upper pole (arrowhead). 
There is absence of enlarged lymph node of the abdo- 
men and pelvic cavity on CT and MRI (not shown). 
A retroperitoneal sarcoma is suspected preoperatively. 
However, histological examination of the resected 
tumor reveals a B-cell lymphoma. 


Key Diagnostic Features 


About one-third of retroperitoneal malignant tumors are 
lymphomas [3]. Retroperitoneal lymphomas are usually 
distinguishable from primary retroperitoneal sarcomas [4]. 
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The presence of enlarged lymph node in addition to a 
dominant retroperitoneal mass suggests the diagnosis of ret- 
roperitoneal lymphoma [5]. Para-aortic lymph node involve- 
ment is present in about 25 96 of non-Hodgkin lymphomas 
and 55 % of Hodgkin lymphomas [3]. Non-nodal involve- 
ment of lymphoma could be depicted on computed tomogra- 
phy (CT) or magnetic resonance imaging (MRI), which is 
usually present in non-Hodgkin lymphoma and not found in 
Hodgkin lymphoma [3]. The involved lymph nodes or non- 
nodal sites of retroperitoneal lymphomas are typically homo- 
geneous soft tissue masses on both unenhanced and enhanced 
images without necrosis, fatty density, cystic area, or calcifi- 
cations on CT [3, 4]. Retroperitoneal lymphomas may some- 
times have a dominant retroperitoneal mass which has a 
characteristic growth pattern of tumor extension between 
and surrounding existing structures (e.g., vessels) and has a 
homogeneous density as well [2, 3]. On MRI, retroperitoneal 
lymphomas always present as high signal intensity on 
diffusion-weighted images by water restriction effect of 
tumors with high cellularity [5]. The signal intensity on 
T2-weighted images and enhancement of retroperitoneal 
lymphomas however vary from homogeneous to heteroge- 
neous appearances [5]. 


Main Differential Diagnoses 


1. Retroperitoneal sarcomas 
A minority (23 %) of non-Hodgkin lymphoma may 
present as a solitary retroperitoneal mass of large size and 
heterogeneous density which could be confused with ret- 
roperitoneal sarcomas [4]. Image-guided biopsy may help 
to establish the histological diagnosis of lymphoma and 
to differentiate from retroperitoneal sarcomas. 
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7.5 Retroperitoneal Lymph Node Metastasis 


Case 7 


Fig.7.9 


Computed tomography (CT) shows imaging findings 
of retroperitoneal lymph node metastasis from a tes- 
ticular seminoma. Enhanced axial CT images at renal 
midportion level (Fig. 7.9a), renal lower pole level 
(Fig. 7.9b), and infrarenal level (Fig. 7.9c) show lobu- 
lated soft tissue mass (arrows) surrounding the aorta 
and extending to the aortocaval and left common iliac 
areas, representing lymph node metastasis from a left 
testicular seminoma (not shown). 
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Case 8 


Fig.7.10 


Computed tomography (CT) shows imaging findings 
of a metastatic lymph node. Unenhanced (Fig. 7.10a) 
and enhanced (Fig. 7.10b) axial CT images at the right 
renal lower pole show an enlarged lymph node (arrow- 
heads) between the aorta and inferior vena cava as 
lymph node metastasis from a mixed germ cell tumor 
of the right testis. 


Key Diagnostic Features 


Lymph node metastasis from a primary malignant tumor 
could appear as a solitary or multiple discrete nodules along 
the lymphatic drainage, which are easier to be recognized as 
enlarged lymph nodes by their anatomical locations on com- 
puted tomography (CT) or magnetic resonance imaging. On 
the other hand, lymph node metastasis could present as a 
large retroperitoneal mass with or without coexisting 
enlarged discrete lymph nodes as well. Almost any primary 
malignant tumor could metastasize to the retroperitoneal 
lymph nodes [3]. Thus, lymph node metastasis should be 
listed in the differential diagnosis of any retroperitoneal 
mass, and a search for a primary malignant tumor on images 
should be done [3]. The testis should be examined and sur- 
veyed because retroperitoneal lymph node metastasis from 
testicular malignancy is common [3]. 


76 Castleman's Disease 


7.6 


Case 9 


Fig.7.11 


Castleman's Disease 
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Computed tomography (CT) shows imaging character- 
istics of Castleman's disease of hyaline vascular type 
in the left retroperitoneum. Unenhanced (Fig. 7.112), 
enhanced nephrographic phase (Fig. 7.11b), and 
enhanced excretory phase (Fig. 7.11c) CT images show 
an oval solid tumor (arrows) at the left para-aortic area 
of the left retroperitoneum with homogeneous density 
and enhancement. The tumor adheres to retroaortic left 
renal vein (arrowheads). 
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Case 10 


Fig. 7.12 


Computed tomography (CT) shows imaging charac- 
teristics of Castleman's disease of plasma cell type. 
Enhanced renal axial CT images at the right renal 
upper pole (Fig. 7.12a) and right renal midportion 
(Fig. 7.12b) show multiple para-aortic lymph nodes 
(arrowheads) of variable sizes, which have been 
proved as Castleman's disease of plasma cell type later. 


Key Diagnostic Features 


Retroperitoneal Castleman's disease is rare [6]. Castleman's 
disease is most commonly seen in the mediastinum although 
it could occur in any site of the body with lymphatic tissue 
[6]. Castleman's disease is categorized as hyaline vascular 
type and plasma cell type by histology [6]. By involved sol- 
itary or multiple lymph node sites, Castleman's disease is 
classified as unicentric and multicentric diseases [7]. Hyaline 
vascular type of retroperitoneal Castleman's disease typically 
shows homogeneous density and homogeneous moderate to 
strong enhancement on computed tomography (CT), as well 
as hypointense on T1-weighted image and hyperintense on 
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T2-weighted image on magnetic resonance imaging (MRI) 
[6, 7]. Hyaline vascular type of retroperitoneal Castleman's 
disease typically presents with unicentric disease as a solitary 
mass [6]. When retroperitoneal Castleman's disease of hya- 
line vascular type occurs in pararenal locations, it could have 
encasement, adhesion, or displacement of the ipsilateral renal 
pedicles with preservation of vascular patency [6]. Plasma 
cell type of retroperitoneal Castleman's disease is even rarer 
than hyaline vascular type and usually presents with multi- 
centric diseases [6]. Plasma cell type of Castleman's disease 
is usually less enhanced than hyaline vascular type. 


Main Differential Diagnosis 


1. Retroperitoneal lymphoma 

The differentiation of retroperitoneal lymphoma from ret- 
roperitoneal Castleman's disease could be difficult. Of 
retroperitoneal lymphoma presenting as a solitary mass, 
it usually has a lobulated, confluent appearance with large 
size. On the other hand, retroperitoneal Castleman's dis- 
ease of unicentric disease is usually a round or oval mass 
with small size. 


77 Retroperitoneal Schwannoma 


7.7  Retroperitoneal Schwannoma 


Case 11 
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Fig. 7.13 


Computed tomography (CT) shows imaging characteris- 
tics of a right retroperitoneal schwannoma. Unenhanced 
axial (Fig. 7.13a), enhanced axial (Fig. 7.13b), and 
enhanced coronal (Fig. 7.13c) CT images show a well- 
defined and oval tumor (arrows) at the right paraspinal 


area. It shows pseudocystic appearance on unenhanced 
image and ill-defined enhancement after contrast 
medium administration. Histological examination shows 
a schwannoma with myxoid change. 
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Case 12 


Fig.7.14 


7.7 Retroperitoneal Schwannoma 


Magnetic resonance imaging (MRI) shows imag- 
ing characteristics of a right retroperitoneal schwan- 
noma. Unenhanced axial T1-weighted (Fig. 7.14a) and 
T2-weighted (Fig. 7.14b) images show a right retroper- 
itoneal tumor with low signal intensity on T1-weighted 
image and high signal intensity on T2-weighted image, 
simulating a cyst. Enhanced T1-fat-suppressed images 
of axial (Fig. 7.14c) and coronal (Fig. 7.14d) scans 
show enhancement of several septa and irregular wall 
of this retroperitoneal tumor (arrows). Histological 
examination of this mass reveals a schwannoma. 


Key Diagnostic Features 


Schwannoma is also called neurilemoma [3]. Retroperitoneal 
schwannomas are usually located at paraspinal or presacral 
areas [3]. On images, retroperitoneal schwannoma usually 
presents as a round or oval mass with well-defined border 
without invasion to the adjacent structures by its benign nature 
[3]. The density, signal intensity, and enhancement of retro- 
peritoneal schwannomas depend on the histological composi- 
tion [1, 3]. Retroperitoneal schwannoma with myxoid stroma 
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shows “pseudocystic” appearance on computed tomography 
(CT) and hyperintense on T2-weighted image of magnetic 
resonance imaging (MRI). Areas of cystic degeneration in 
retroperitoneal schwannomas show non-enhancing low den- 
sity on CT, low signal intensity on T1-weighted image, and 
high signal intensity on T2-weighted images. The cellular tis- 
sue of retroperitoneal schwannomas show low signal inten- 
sity on both T1-weighted and T2-weighted images of MRI 
[1]. Retroperitoneal schwannomas with myxoid stroma or 
cystic degenerations have heterogeneous enhancement on CT 
and MRI. Nonetheless, small retroperitoneal schwannomas 
have more homogeneous enhancement than large ones [1]. 


Main Differential Diagnosis 


]. Retroperitoneal myxoid liposarcoma 
Both retroperitoneal myxoid liposarcomas and schwan- 
nomas with myxoid stroma have imaging features of 
myxoid stroma. Nonetheless, a myxoid liposarcoma is 
usually a bulky tumor, larger than 10 cm, and does not 
frequently occur at paraspinal location. On the other 
hand, a retroperitoneal schwannoma is smaller than 10 cm 
(usually smaller than 5 cm) and nearly always located at 
paraspinal or presacral locations [3]. 
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7.8 Retroperitoneal Neurofibroma 


Case 13 


Fig.7.15 


Computed tomography (CT) shows imaging character- 
istics of multiple neurofibromas in a patient with neu- 
rofibromatosis type I. Unenhanced (Fig. 7.15a) and 
enhanced axial (Fig. ' ) CT images at inguinal 
level show a small solid nodule (arrowheads) with 
homogeneous enhancement at left inguinal subcutane- 
ous area. Unenhanced (Fig. c) and enhanced 
(Fig. ) axial CT images show a right retroperito- 
neal low-density mass (arrows) with heterogeneous 
enhancement after contrast administration. The patient 
has a clinical history of neurofibromatosis type I and 
both tumors have been proved as neurofibromas. 


Key Diagnostic Features 


Neurofibromas are associated with neurofibromatosis [1, 3]. 
Neurofibromas usually present as multiple tumors in a 
patient [1]. A neurofibroma is usually a round or oval nodule 
with well-defined borders. On computed tomography (CT), 
it usually appears as a low-density lesion with homogeneous 
enhancement [3]. Nonetheless, a neurofibroma with myxoid 
stroma may have heterogeneous enhancement after contrast 
administration [3]. On magnetic resonance imaging, neurofi- 
bromas typically appear as high signal intensity on 
T2-weighted images [1]. When a neurofibroma is located in 
a neural foramen, a typical “dumbbell” shape with erosion 
on the adjacent bone is depicted on images [3]. 
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7.9 Retroperitoneal Paraganglioma 


Case 14 


Computed tomography (CT) shows imaging char- 
acteristics of a paraganglioma in right retroperito- 
neum. Unenhanced (Fig. 7.16a) and enhanced axial 
(Fig. 7.16b) CT images show an oval solid tumor 
(arrows) at right para-aortic area with strong enhance- 
ment. There are multiple vessels (arrowheads) sur- 
rounding it, implying its hypervascular nature. 
Histological examination of the resected tumor con- 
firms it as a paraganglioma. 


Fig. 7.16 
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Case 15 
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Fig. 7.17 


Computed tomography (CT) shows imaging char- 
acteristics of a left retroperitoneal paraganglioma. 
Unenhanced (Fig. 7.17a) and enhanced axial 
(Fig. 7.17b) CT images show a central cystic area 
without enhancement in a left para-aortic round tumor 
(arrows). This tumor has histological evidence of para- 
ganglioma on histological examination. 


Key Diagnostic Features 


Retroperitoneal paragangliomas occur in the adrenal 
gland or sympathetic chain along the aorta [3]. When it 
occurs in the adrenal gland, it is usually called as pheo- 
chromocytoma; when it occurs in extra-adrenal locations, 
it is called paragangliomas. Patients with paragangliomas 


or pheochromocytomas usually have hypertension or 
fluctuation of blood pressure. Retroperitoneal paraganglio- 
mas are usually well-defined tumors of para-aortic location 
with strong enhancement on computed tomography (CT) [3]. 
On magnetic resonance imaging (MRI), its typical appear- 
ances are very high signal intensity on T2-weighted images. 
It is common for paragangliomas with cystic or hemor- 
rhagic changes. The cystic area in a paraganglioma shows 
water density or signal intensity on CT or MRI, respec- 
tively, with no contrast enhancement. Malignant changes 
of retroperitoneal paragangliomas are more common than 
adrenal pheochromocytomas [3]. However, imaging char- 
acteristics of tumor enhancement, size, density, and signal 
intensity as well as locations are not reliable for differenti- 
ating malignant paragangliomas from benign ones. On the 
other hand, aggressive behaviors as adjacent organ invasion 
or distant metastasis suggest the diagnosis of a malignant 
paraganglioma. 
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7.10 Retroperitoneal Ganglioneuroma 


Case 16 


Fig.7.18 
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7.11 Retroperitoneal Mature Teratoma 
Computed tomography (CT) shows imaging 
characteristics of a left retroperitoneal ganglioneu- Case 17 
roma. Unenhanced (Fig. 7.18a) and enhanced axial 
(Fig. 7.18b) CT images at the left renal upper level 
shows a left retroperitoneal tumor (white arrows) with 
densities lower than muscle on both unenhanced and 
enhanced images. The left kidney is posteriorly dis- 
placed (white arrowhead). Enhanced axial CT at the 
left infrarenal level (Fig. 7.18c) shows mild hetero- 
geneous enhancing parts (black arrow) in this cystic 
tumor. Note that the tumor grows into the retroaor- 
tic area (black arrowhead, Fig. 7.18b, c). Coronal 
enhanced CT (Fig. 7.18d) shows large size of this ret- 
roperitoneal tumor (arrow), displacing the left kidney 
(arrowhead) superiorly. 


Key Diagnostic Features 


Ganglioneuroma usually shows lower density than the muscle 
with homogeneous or mildly heterogeneous enhancement 
on computed tomography (CT) [3]. Ganglioneuroma usually 
has round, oval, or lobulated appearances and would reach 
a giant size more than 10 cm [3]. Ganglioneuroma could 
extend between existing structures and vessels with main- 
taining vascular patency, and this behavior is also depicted 
in lymphangiomas and lymphomas [1]. There is usually 
absence of hemorrhage and necrosis in a ganglioneuroma 
[3]. Ganglioneuroma is rare and usually from retroperito- 
neal sympathetic chain, followed by the adrenal gland [3]. 
Ganglioneuroma usually occur in young adults of 20-40 
years old [3]. 


Main Differential Diagnosis 


1. Retroperitoneal lymphangioma 
Retroperitoneal lymphangioma also appears as a unilocu- 
lar or multilocular cystic mass which extends between 
existing structures. Nonetheless, there is usually absence 
of enhancing soft tissue part in a lymphangioma. 


Fig. 7.19 


Computed tomography (CT) shows imaging character- 
istics of a mature teratoma in the left retroperitoneum. 
Unenhanced axial (Fig. 7.19a), enhanced axial 
(Fig. 7.19b), and enhanced coronal (Fig. 7.19c) CT 
images show a fatty tumor (arrows) of the left retro- 
peritoneum between the pancreatic tail and left kidney. 
There are scattered calcifications (white arrowheads) 
and non-enhancing cystic part (black arrowhead) in 
this fatty tumor, suggestive of the diagnosis of a mature 
teratoma. 


712 Retroperitoneal Lymphangioma 331 
Key Diagnostic Features 7.12 Retroperitoneal Lymphangioma 


Retroperitoneal mature teratoma is a rare tumor which is Case 18 
usually found in young adults [3]. Nonetheless, mature tera- 
toma has imaging characteristics which suggest its diagnosis 
on computed tomography (CT) [3]. Mature teratoma is char- 
acterized as a fatty mass containing both cystic part and cal- 
cifications [1]. The depiction of calcifications and fat in a 
teratoma on CT is easy and conspicuous. The identification 
of a characteristic fat-fluid level with fatty part in nondepen- 
dent portion on CT also suggests the diagnosis of a mature 
teratoma [1, 3]. 


Fig. 7.20 


Computed tomography (CT) shows imaging char- 
acteristics of a left retroperitoneal lymphangi- 
oma. Unenhanced (Fig. 7.20a) and enhanced axial 
(Fig. 7.20b) CT images show a cystic lesion (arrows) 
without enhancement at the left para-aortic area. 
Histological evidence of surgical specimen of the 
tumor reveals a lymphangioma. 
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Case 19 


Fig. 7.21 


Excretory urography (EU) and computed tomography 
(CT) illustrate imaging findings of a right retroperito- 
neal lymphangioma. EU at 30 min after contrast 
medium administration (Fig. ) shows a large 
space-occupying lesion (arrow) with displacement of 
the right kidney (white arrowhead) and right ureter 
(black arrowhead) medially. Unenhanced (Fig. ) 
and enhanced axial (Fig. ) CT images show a 
large multilocular cystic lesion (arrows) of the right 
retroperitoneum, consistent with a lymphangioma. 
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Fig. 7.22 


Key Diagnostic Features 


A retroperitoneal lymphangioma is characterized by a 
unilocular or multilocular cystic mass without obvious 
enhancement on imaging [1, 3]. Retroperitoneal lymphan- 
giomas usually occur in children less than 2 years old or in 
young adults [1, 3]. The sizes of retroperitoneal lymphangio- 
mas vary from small tumors to giant sizes with wide exten- 
sion. Retroperitoneal lymphangiomas could extend between 
anatomical structures and vessels without causing vascular 
stenosis or occlusion [1]. 
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7.13  Angiomyolipoma in the Retroperitoneal Space 


Case 20 


Fig. 7.23 


Unenhanced computed tomography (CT) shows a 
hemorrhagic angiomyolipoma with typical imaging 
features. Figure 7.23a, unenhanced CT at the left renal 
upper pole shows a left retroperitoneal angiomyoli- 
poma with hematoma (white arrowheads) at its periph- 
ery. A subtle beak sign of fatty density (black 
arrowhead) indicates tiny renal involvement by this 
tumor. Figure 7.23b, unenhanced CT at the left renal 
midportion shows multiple small discrete intrarenal 
angiomyolipomas (white arrowheads) in addition to 
this hemorrhagic retroperitoneal angiomyolipoma 
(white arrow). 
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Case 21 


Fig. 7.24 


Renal enhanced computed tomography (CT) images 
show an angiomyolipoma in the right retroperitoneum. 
Figure 7.24a, enhanced axial renal CT image shows a 
fatty tumor (white arrows) surrounding the right kidney. 
This fatty tumor has small renal parenchymal involve- 
ment, presenting as a beak sign (black arrowhead). There 
is a vessel (white arrowhead) in beak sign. Figure 7.24b, 
enhanced CT image at lower abdomen level shows this 


angiomyolipoma (arrows) extending to the right lower 
abdomen and crossing midline. There is aneurysmal dila- 
tation (arrowhead) of tumor vessels in this tumor. 
Figure 7.24c, enhanced CT image of the upper pelvic cav- 
ity shows this angiomyolipoma (arrows) involving the 
right upper pelvic cavity, which has obviously a dilated 
vessel (arrowhead). 
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Case 22 


Fig. 7.25 


Fig. 7.26 
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Computed tomography (CT) and magnetic resonance 
imaging (MRI) illustrate imaging characteristics of 
a retroperitoneal angiomyolipoma. Figure 7.25a, 
enhanced CT at the left renal midportion shows a left 
retroperitoneal angiomyolipoma (arrows) and a con- 
current discrete intrarenal angiomyolipoma (arrow- 
head). Figure 7.25b, enhanced CT at the left renal 
lower pole shows tumor vessels of this retroperitoneal 
angiomyolipomas (arrows), presenting as bridging ves- 
sel sign (arrowheads). Figure 7.26a, T2-weighted MRI 
shows this retroperitoneal angiomyolipoma (arrows) 
extending to the infrarenal portion of the left perineph- 
ric space. A tumor vessel (arrowhead) is noted as going 
from the left renal surface to the periphery of this tumor 
simulating a bridge. Figure 7.26b, T1-weighted (T1WD 
MRI at the left renal upper pole illustrates upper part 
of this retroperitoneal angiomyolipoma (arrows) with 
a coexisting left renal angiomyolipoma (arrowhead). 
Figure 7.26c, TIWI MRI at the left renal lower tip 
shows two bridging vessels (arrowheads) supplying 
this retroperitoneal angiomyolipoma (arrows). 


Key Diagnostic Features 


Angiomyolipomas in the retroperitoneal space have the fol- 
lowing imaging characteristics: beak sign, linear vascularity, 
aneurysmal dilatation of tumor vessels, bridging vessel sign, 
hematoma, and concurrent discrete intrarenal angiomyoli- 
poma [2]. On encountering a fatty tumor in the retroperitoneal 
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space, the presence of the above imaging signs favors a 
diagnosis of angiomyolipoma [2]. Beak sign (or so-called 
parenchymal defect) is named for renal parenchymal involve- 
ment by a retroperitoneal angiomyolipoma, which is typical 
of fat density. Linear vascularity, aneurysmal dilatation, and 
bridging vessel signs are three imaging features related to 
tumor vessels. Linear vascularity describes the abundance of 
tumor vessels in retroperitoneal angiomyolipomas, which 
could be recognized on images. Aneurysmal dilatation of 
tumor vessels describes the abnormal dilated size of tumor 
vessels as large as aneurysms. Bridging vessel signs describe 
tumor vessels penetrating from the kidney to supply this ret- 
roperitoneal tumor, which seems a bridge between the ipsi- 
lateral kidney and the retroperitoneal tumor. As multicentric 
locations are a common finding of angiomyolipomas, coex- 
isting intrarenal angiomyolipomas suggest a high probability 
of a retroperitoneal fatty tumor to be an angiomyolipoma [2]. 
By identifying these imaging features of a retroperitoneal 
fatty tumor, a confident diagnosis of angiomyolipoma in the 
retroperitoneal space could be confidently made [2], although 
it is uncommonly encountered. 


Main Differential Diagnoses 


1. Retroperitoneal liposarcomas 
Retroperitoneal liposarcomas could be differentiated 
from retroperitoneal angiomyolipomas by their absence 
of imaging features of angiomyolipomas [2]. In addition, 
the presence of calcifications and enhancing soft tissue 
parts are much more common in retroperitoneal liposar- 
comas than in retroperitoneal angiomyolipomas [2]. 
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7.14 Retroperitoneal Fibrosis 


Case 23 


Fig. 7.27 


Renal ultrasound (US), antegrade pyelography (AP), 
and computed tomography (CT) illustrate imaging find- 
ings of retroperitoneal fibrosis. Right (Fig. 7.27a) and 
left (Fig. 7.27b) renal ultrasound show bilateral hydro- 
nephrosis (arrows). Bilateral AP (Fig. 7.28) shows 
bilateral hydronephrosis with bilateral ureteral obstruc- 
tions at proximal ureters. Enhanced axial CT at the 
abdominal aorta (Fig. 7.29a), bilateral common iliac 


Fig.7.28 


arteries (Fig. 7.29b), and bilateral external and internal 
iliac arteries (Fig. 7.29c) levels show soft tissue plaques 
(arrows) surrounding and along the aorta and bilateral 
common iliac arteries as well as bilateral external and 
internal iliac arteries. Biopsy of the soft tissue plaque 
reveals fibrosis and chronic inflammation on histological 
examination, suggesting retroperitoneal fibrosis. 
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Case 24 


Fig. 7.29 


Fig. 7.30 


715 Retroperitoneal Abscess 


Magnetic resonance imaging (MRI) shows imaging 
characteristic of retroperitoneal fibrosis. Unenhanced 
axial T2-weighted images at the inferior vena 
cava (Fig. 7.30a), bilateral common iliac arteries 
(Fig. 7.30b), iliac crest (Fig. 7.30c), and sacroiliac 
joint levels (Fig. 7.30d) show ill-defined soft tissue 
lesion (arrow) of low signal intensity along the inferior 
vena cava, bilateral common iliac vessels, and bilat- 
eral external and internal iliac vessels. The soft tissue 
mass also encases the right ureter with resultant right 
proximal ureteral dilatation (arrowheads) and hydro- 
nephrosis. Retroperitoneal fibrosis is validated by his- 
tological examination of biopsy specimen of the soft 
tissue mass. 


Key Diagnostic Features 


Retroperitoneal fibrosis is characterized by fibroinflammatory 
mass along the aorta, inferior vena cava, or iliac vessels [8]. 
Retroperitoneal fibrosis also frequently encases the ureter 
with resultant hydronephrosis and hydroureter [8]. The major- 
ity of retroperitoneal fibrosis is idiopathic, but it is also asso- 
ciated with drug use (derivatives of ergot alkaloids), infection, 
trauma, radiation, surgery, and aortic aneurysm [8, 9]. 
Furthermore, a variety of malignant tumors could present as 
malignant retroperitoneal fibrosis [8]. On ultrasound, retro- 
peritoneal fibrosis usually presents as a hypoechoic or 
isoechoic retroperitoneal mass [8]. The classic findings of ret- 
roperitoneal fibrosis on excretory urography are medial dis- 
placement of the ureter, ureteral stenosis at the lower lumbar 
spine or upper sacral level, as well as hydronephrosis and 
hydroureter [8]. However, these findings on EU are nonspe- 
cific for diagnosing retroperitoneal fibrosis [8]. Computed 
tomography (CT) and magnetic resonance imaging (MRI) are 
most commonly used for diagnosis of retroperitoneal fibrosis 
[8]. Idiopathic retroperitoneal fibrosis usually appears as 
irregular soft tissue mass along the aorta and iliac vessels 
which has density similar to muscles on unenhanced images 
and strong enhancement of the early stage as well as poor 
enhancement of the late stage [8]. Similarly, on MRI, the 
early stage of idiopathic retroperitoneal fibrosis usually has 
good enhancement and high signal intensity on T2-weighted 
images (T2WD), and the late stage of idiopathic retroperito- 
neal fibrosis has poor enhancement and low signal intensity 
on T2WI [8]. On T1-weighted images of MRI, idiopathic ret- 
roperitoneal fibrosis usually appears as low signal intensity. 
Both CT and MRI are good for detecting retroperitoneal 
fibrosis itself as well as its associated findings such as hydro- 
nephrosis, hydroureter, and ureteral encasement [8]. 
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7.15 Retroperitoneal Abscess 


Case 25 


Fig. 7.31 


Plain radiograph of the kidney, ureter, and bladder 
(KUB) and computed tomography (CT) show right ret- 
roperitoneal abscess. KUB (Fig. 7.31) shows amor- 
phous air collection (arrow) at the right abdomen with 
obliteration of right psoas shadow, suggestive of right 
retroperitoneal abscess. Unenhanced coronal CT 
image (Fig. 7.32a) and axial CT images at kidney level 
(Fig. 7.32b), infrarenal level (Fig. 7.32c), and iliac 
fossa level (Fig. 7.32d) show abnormal air collections 
(arrows) mainly in the right perinephric space, which 
surrounds the right kidney and extends to the right 
infrarenal area and right iliac fossa. The patient has 
diabetes mellitus. CT-guided drainage proves it to be a 
retroperitoneal abscess. 
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Fig. 7.32 


715 Retroperitoneal Abscess 


Case 26 


Fig. 7.33 
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Computed tomography (CT) shows imaging char- 
acteristics of a left retroperitoneal abscess after left 
nephrectomy. Unenhanced axial CT image (Fig. 7.332) 
shows a cystic area (arrow) of the left retroperitoneum. 
Contiguous enhanced axial CT images (Fig. 7.33b, c) 
show wall enhancement of cystic areas (arrows) with 
adjacent strandings (arrowhead), consistent with 
abscesses. Note swollen appearance of the left psoas 
muscle. 


Key Diagnostic Features 


Retroperitoneal abscesses could present on images as abnor- 
mal air collections, cystic areas with wall enhancement, and 
cystic areas with air-fluid levels in the retroperitoneal spaces. 
DM patients are prone to develop abscesses without obvious 
fluid collections, similar to the situations found in emphyse- 
matous pyelonephritis. Another common scenario is postop- 
erative abscesses of surgery done in the retroperitoneal areas. 
In addition to the direct sign of visualization of retroperito- 
neal abscess itself, there is almost always the presence of 
indirect signs supporting the diagnosis of retroperitoneal 
abscess, including fat strandings, dirty fat, or swelling of 
adjacent psoas muscles or anatomical structures. Image- 
guided drainage of retroperitoneal abscesses via ultrasound 
or computed tomography guidance could not only prove the 
nature of these abscesses via culture of drainage materials 
but also help in selecting appropriate antibiotics for treating 
bacterial-induced abscesses. 
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7.16 Retroperitoneal Hematoma 


Case 27 


Computed tomography (CT) shows left retroperi- 
toneal hematoma of a patient with blunt abdominal 
trauma. Unenhanced axial CT at the right renal upper 
pole (Fig. 7.34a) and lower pole (Fig. 7.34b) levels 
shows left retroperitoneal hematomas at perinephric 
space (arrows) and left anterior pararenal space (white 
arrowhead) which is posterior to the pancreas (black 
arrowhead). Enhanced axial CT at the right renal lower 
pole level (Fig. 7.34c) shows vascular contrast medium 
extravasations (arrowheads) in the hematoma, sugges- 
tive of active bleeding. Further angiography proves 
active bleeding from the left renal lower pole which 
has been treated successfully by transcatheter arterial 
embolization. 


Fig. 7.34 
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Case 28 Case 29 


Fig. 7.36 
Fig. 7.35 

Computed tomography (CT) shows imaging characteristics 

of a left retroperitoneal hematoma due to angiomyolipoma 
Computed tomography (CT) shows imaging character- bleeding. Enhanced axial CT images at the left renal mid- 
istics of right retroperitoneal hematoma after portion (Fig. 7.36a) and infrarenal level (Fig. ) show 
right nephrectomy. Unenhanced axial CT images angiomyolipoma (arrowhead) rupture with resultant left 
(Fig. ) show high-density hematoma (arrows) retroperitoneal hematoma (arrows) showing high density. 


of the right retroperitoneum as acute hematoma. A 
drainage tube is inserted via right anterior abdominal 
wall (arrowhead). Key Diagnostic Features 


Retroperitoneal hematoma shows non-enhancing areas in 
the retroperitoneum on computed tomography (CT) with 
variable densities depending on the stages of hematoma. 
Retroperitoneal hematoma could result from blunt trauma, iat- 
rogenic etiologies, or spontaneous hemorrhage. Acute hema- 
toma in patients without anemia shows high density of 60-90 
Hounsfield units on CT. However, hematoma would become 
liquefied over time and the density of a hematoma is decreased 
accordingly on CT. CT is the most commonly used imaging 
modality for diagnosing retroperitoneal hematoma for its high 
diagnostic rate as well as faster speed and lower cost than 
magnetic resonance imaging (MRI). Once retroperitoneal 
hematoma is identified on CT, it is important to further evalu- 
ate the presence or absence of active bleeding which shows 
vascular contrast extravasation. Ultrasound is able to detect 
large hematoma in the retroperitoneum, but active bleeding is 
much more difficult to be detectable on ultrasound. 
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7.17 Retroperitoneal Urinoma and Urine Extravasation 


Case 30 


Fig. 7.37 
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Case 31 
Magnetic resonance imaging (MRI) shows imaging 
characteristics of retroperitoneal urinoma. Coronal 
magnetic resonance urography (Fig. 7.37a) and unen- 
hanced axial T2-weighted images at renal level 
(Fig. 7.37b) and infrarenal level (Fig. 7.37c) show 
high signal intensity fluid collection at medial and 
inferior parts (white arrows) of the right perinephric 
space. The signal intensity of the fluid collection is as 
bright as urine in the dilated right renal pelvicalyceal 
system and proximal ureter (white arrowhead). 
Enhanced axial T1-fat-suppressed image at renal level 
(Fig. 7.37d) and infrarenal level (Fig. 7.37e) shows 
low signal intensity of the fluid collection (arrows), 
identical to that of urine in right proximal hydroureter 
(arrowhead). 'There is peripheral rim enhancement of 
the fluid collection. The patient has a history of under- 
going right ureteroscopy 2 days ago. According to the 
history and the imaging findings on MRI, urinoma is 
considered. 


Fig. 7.38 


Computed tomography (CT) shows abnormal urine 
extravasation from the right renal pelvis to right retro- 
peritoneum. Unenhanced axial (Fig. 7.38a), enhanced 
axial early excretory phase (Fig. 7.38b), and late excre- 
tory phase (Fig. 7.38c) on CT show right hydronephro- 
sis (arrows). The anterior wall of the right renal pelvis 
is indistinct on all images. Opacified urine extravasa- 
tion (arrowhead) to the right retroperitoneum is clearly 
visualized only in late excretory phase. The patient has 
low plasma albumin level with resultant ascites as well. 
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Key Diagnostic Features 


Urinoma is diagnosed on images as the presence of extrava- 
sated urine confined in a space [10]. Thus, on computed 
tomography (CT), urinoma is diagnosed as fluid collections 
related to water density on unenhanced and enhanced area 
[10]. On magnetic resonance imaging, the fluid collection of 
urinoma appears as water signal intensity as well, showing 
low signal intensity on T1-weighted image and high signal 
intensity on T2-weighted images. The wall of urinoma is 
however usually enhanced on CT and MRI. Retroperitoneal 
urinomas are typically seen in the perinephric area and usu- 
ally associated with hydronephrosis [10]. Urinoma results 
from urine extravasation after trauma of the urinary tract or 
spontaneous extravasation by urinary tract obstruction first 
with a subsequent formed fibrotic wall which confined the 
extravasation urine [10]. The direct visualization of urine 
extravasation from the urinary tract is best seen in excretory 
phase because the urine is opacified by the contrast medium. 
Excretory phase images also provide the best clues of the 
possible leakage site of the urinary tract and the severity of 
urine extravasation by the amount. Both CT and MRI could 
perform excretory phase images at least about 5 min after 
contrast medium administration. However, in early excretory 
phase, the amount of opacified urine is sometimes insuffi- 
cient to delineate urine extravasation, especially in a dilated 
urotract. The later the excretory phase is done, the higher the 
probability of visualization of urine extravasation is. 
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7.18  Psoas Pyogenic Abscess 


Case 32 


Fig. 7.39 


Computed tomography (CT) shows imaging findings 
of psoas abscess. Unenhanced axial CT images 
(Fig. 7.39a, b) show cystic lesions of bilateral psoas 
muscles (right and white arrowheads), right retroperi- 
toneum (white arrows), and right erector spinal muscle 
(black arrow) as abscesses. Abscess culture reveals 
Staphylococcus aureus infection. 
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Case 33 


Fig. 7.40 
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Computed tomography (CT) shows imaging character- 
istics of a left psoas abscess. Unenhanced axial CT 
images (Fig. 7.40a—c) show left psoas (white arrows), 
iliacus (black arrowhead), iliopsoas (black arrow), and 
retroperitoneal (white arrowhead) abscesses with uni- 
locular or multilocular cystic appearances. Abscess 
culture reveals streptococcus infection. 


Key Diagnostic Features 


Psoas pyogenic abscess usually comes from direct exten- 
sion of adjacent structures, which is called secondary 
psoas abscess [11, 12]. Primary psoas abscess coming 
from hematogenous spread of a distant infectious focus 
is less common [12]. Pyogenic abscess appears as cystic 
lesions with rim enhancement on computed tomography 
(CT) [12]. A unilocular or multilocular cystic appearance 
of psoas abscess could be depicted on CT. Ultrasound is 
less sensitive and specific than CT for diagnosing psoas 
abscesses [12]. Magnetic resonance imaging (MRI) could 
also delineate psoas abscesses clearly by its good soft tis- 
sue contrast. On MRI, psoas abscesses appear as low signal 
intensity on T1-weighted image and high signal intensity on 
T2-weighted image and peripheral wall or septal enhance- 
ment [12]. Overall, CT is most commonly used for depicting 
psoas abscesses with high sensitivity and specificity and low 
cost [12]. 
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7.19 Psoas Cold Abscess by Tuberculosis 


Case 34 


Fig. 7.41 


719 Psoas Cold Abscess by Tuberculosis 349 


Fig.7.41 (continued) 


Fig. 7.42 


350 7 Retroperitoneal Diseases 


Case 35 


Computed tomography (CT) and magnetic resonance 
imaging (MRI) show a patient having tuberculosis 
(TB) abscesses in bilateral psoas muscles and TB 
spondylitis. Figure 7.41a, enhanced coronal CT image 
shows abscesses (arrows) of bilateral psoas muscles, 
more obvious on the left side. Note the irregular end 
plate destructions (arrowheads) of L2 and L3. 
Figure 7.41b, sagittal CT of wide window setting 
shows bony destruction (arrowheads) of L2 and L3. 
Note sclerotic change of L2 and L3 bodies implying a 
more long duration change. Figure 7.41c, axial unen- 
hanced CT image shows several calcified foci (arrow- 
heads) at peripheral area of the left psoas abscess. 
Figure 7.41d, axial enhanced CT image shows bony 
destruction (arrowhead) of L2 body and paravertebral 
abscess extending to the right paraspinal and left psoas 
areas (arrows). Figure 7.41e, enhanced CT image 
shows multiloculated left psoas abscess (arrows) of 
thin walls and with rim enhancement. There is another 
right psoas abscess (arrow). Figure 7.41f, enhanced 
CT image shows calcification (arrowheads) at the left 
psoas abscess (arrows). Figure 7.42a, enhanced sagit- 
tal T1-fat-suppression (TIFS) MRI shows abnormal 
high signal intensity of L1, L2, and L3 bodies. There 
are loculated cystic lesions (arrow) with rim enhance- 
ment at L2—L3 disc and posterior part of (arrowheads). 
Figure 7.42b, T2-weighted image of MRI shows bilat- 
eral psoas abscesses (arrows) with abnormal interme- 
diate to high signal intensities. Figure 7.42c, enhanced 
axial TIFS image shows enhancement of thick walls 
of bilateral psoas abscesses (arrows). Note that the 
spread of infection along the posterior longitudinal Fig. 7.43 
ligament shows multiloculated abscesses of bilateral 

psoas muscles. 


Plain radiograph of the kidney, ureter, and bladder 
(KUB) shows imaging findings of TB spine and psoas 
TB abscess. Figure 7.43, KUB shows bony destruction 
with sclerotic change (black arrow) of L2 body, com- 
patible with TB spine. Bilateral psoas muscles are cal- 
cified (white arrows) as cold abscess. 


7.20 lliacus and Psoas Metastasis 


Key Diagnostic Features 


The most common site of bone involvement by TB is the 
spine [13].TB spondylitis usually involves more than one 
vertebral body. When multiple vertebral bodies are involved, 
the skip of disc space involvement between infected bodies 
favors the diagnosis of TB spondylitis [13]. It is because TB 
spine usually spreads along the anterior or posterior longitu- 
dinal ligaments, which may thus spare the disc space. 
Nonetheless, in severe TB spine infection, disc space could 
become infected as well via spreading through the end plates 
or along longitudinal ligaments. When TB spondylitis 
extends to the paraspinal areas, psoas abscess may occur 
[11]. Multiloculated abscess of thin wall appearance is more 
common in psoas TB abscess than pyogenic abscess. In addi- 
tion, calcification in psoas abscess also favors the diagnosis 
of TB infection. 
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7.20  lliacus and Psoas Metastasis 


Case 36 


Fig. 7.44 


Computed tomography (CT) shows imaging findings 
of the left Iliacus muscle metastases of a patient with a 
history of renal cell carcinoma. Enhanced axial CT 
image (Fig. 7.44) shows a homogeneously enhancing 
nodule (arrowhead) at the left Iliacus muscle, repre- 
senting muscle metastasis. 
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Case 37 


Fig. 7.45 


Computed tomography (CT) shows imaging charac- 
teristics of a left psoas metastasis. Enhanced axial CT 
image (Fig. 7.45) shows a heterogeneous mass (arrow) 
of left psoas muscle, which is validated as metastasis 
from a left renal cell carcinoma. The ill-defined low- 
density nodules (arrowheads) of the liver represent 
hepatic metastases. 


Fig. 7.46 


Computed tomography (CT) shows metastasis in 
the right psoas and iliopsoas muscles from liposar- 
coma of the right spermatic cord. Enhanced axial 
CT images (Fig. 7.46a, b) show swelling in the right 
psoas and iliopsoas muscles with ill-defined and het- 
erogeneous enhancing masses (arrows), representing 
metastasis. This metastasis is from right paratesticular 
liposarcoma. 


References 
Key Diagnostic Features 


Careful assessment of the iliopsoas muscles on follow-up 
images of oncological patients is necessary for detecting 
possible muscle metastasis [12]. Muscle metastasis is 
uncommon; however, iliopsoas muscle is one preferred site 
for metastasis. Iliopsoas metastasis usually comes from dis- 
semination of malignancy in the urinary tract, gastrointesti- 
nal tract, genital organs, and lung [12]. Direct extension of 
the adjacent skeletal metastasis is also one cause of iliopsoas 
metastasis [12]. Therefore, detection of other metastases 
adds the confidence of diagnosing iliopsoas metastasis on 
images. Iliopsoas metastasis has a wide variety of enhance- 
ment, density, and signal intensities on computed tomogra- 
phy (CT) and magnetic resonance imaging (MRI) [12]. 
In the presence of large necrotic area in an iliopsoas metasta- 
sis, it may be confused with abscess [12]. Nonetheless, 
biopsy could usually establish the histological diagnosis of 
metastasis as well as its origin [12]. 
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Adrenal Gland 


8.1 Adrenal Pseudotumor 


Case 1 


Magnetic resonance imaging (MRI) and computed 
tomography (CT) show left adrenal pseudotumor due 
to gastric fundus diverticulum. Out-of-phase axial 
image on MRI (Fig. 8.1) shows a low signal intensity 
nodule (arrow) at the left suprarenal area. Contiguous 
enhanced axial CT images (Fig. 8.2a, b) show a nodule 
(arrow, Fig. 8.2a) at the left suprarenal area, simulat- 
ing a left adrenal tumor. However, the nodule is con- 
tiguous to the gastric fundus (arrowhead) and has 
air-fluid level (arrowhead, Fig. 8.2b), which suggests 
the diagnosis of gastric fundus diverticulum rather 
than left adrenal tumor. 


Fig. 8.1 


Fig. 8.2 
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Case 2 Case 3 


Computed tomography (CT) shows a left retroperito- 
neal ganglioneuroma at left para-adrenal area simulat- 
ing an adrenal tumor. Unenhanced axial CT (Fig. 8.3a) 
shows a well-defined small mass (arrow) at the left 
suprarenal area. Enhanced axial CT (Fig. 8.3b) shows 
this mass (arrow) abutting the left adrenal gland 
(arrowhead). Histological examination of the surgical 
specimen shows a ganglioneuroma adjacent to the left 
adrenal gland without invasion to the adrenal gland. 


Fig. 8.4 


8.2 Adrenal Tuberculosis 


Computed tomography (CT) shows an accessory 
spleen with adrenal pseudotumor appearance. 
Unenhanced axial (Fig. 8.4a), enhanced axial 
(Fig. 8.4b), and enhanced coronal (Fig. ) CT 
images show a small soft tissue nodule (arrows) seem- 
ingly located at the lateral limb of the left adrenal 
gland (arrowheads). Histological examination of the 
resected nodule reveals an accessory spleen without 
left adrenal involvement. Review of CT images reveals 
the nodule with identical densities to the spleen on all 
phases of CT images. 


Key Diagnostic Features 


A variety of lesions could simulate adrenal tumors on 
images; however, careful recognition of the anatomical 
structures of the adrenal gland and adjacent structures are 
usually useful to differentiate these adrenal pseudotumors 
from true adrenal tumors. Adrenal pseudotumors include 
gastric diverticulum, accessory spleen, retroperitoneal 
tumors of para-adrenal location, pancreas lesion with poste- 
rior extension, renal upper polar mass with superior exo- 
phytic growth, hepatic tumor, and peri-adrenal varices [1]. 
Familiarity with the wide spectrum of imaging appearances 
of these adrenal pseudotumors aids in establishing correct 
diagnosis. For adrenal pseudotumors have extremely ana- 
tomical closeness to the adrenal glands, it remains a chal- 
lenge to attain a correct preoperative diagnosis. 
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8.2 Adrenal Tuberculosis 


Case 4 


Fig.8.5 


358 


Computed tomography (CT) shows a patient having 
adrenal and left renal tuberculosis (TB). Figure 8.5a, 
unenhanced axial CT image shows enlargements of 
both adrenal glands (white arrows) with linear calcifi- 
cations (arrowheads). Figure 8.5b, unenhanced axial 
CT shows multiple punctate calcifications (arrow- 
heads) in both adrenal glands. The left renal upper pole 
is totally calcified. Figure 8.5c, axial enhanced CT 
image shows enlarged bilateral adrenal glands 
(arrows). The left adrenal gland has homogeneous 
enhancement, and the right adrenal gland has hetero- 
geneous enhancement with central low-density area. 
Figure 8.5d, axial enhanced CT shows normal paren- 
chymal enhancement of the right kidney. The left cal- 
cified kidney is not enhanced. There are several 
calcified foci (arrowheads) of both adrenal glands. 
Note the multiple small calcified lymph nodes at the 
peripancreatic area, representing TB granulomas. 


Key Diagnostic Features 


Adrenal tuberculosis (TB) is usually presenting with bilat- 
eral adrenal enlargements or adrenal masses with or without 
calcifications on images. The enlarged adrenal gland could 
have either homogeneous or heterogeneous enhancement. If 
the adrenal TB mass has a large necrotic area, it usually has 
a heterogeneous enhancement pattern with a central 
hypodense area after contrast medium administration on 
computed tomography and magnetic resonance. In prior 
healed adrenal TB infection, atrophic adrenal glands with 
calcifications may be seen. Adrenal TB could be found in 
patients with prior or coexisting renal TB as well [2]. In 
patients having bilateral enlarged adrenal glands shown on 
images, the presence of renal TB imaging findings might 
suggest the diagnosis of adrenal TB [2]. Otherwise, adrenal 
metastasis and primary adrenal tumors are the differential 
diagnoses. 
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8.3 Adrenal Extramedullary 


Hematopoiesis 


Case 5 


Fig. 8.6 
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8.3 Adrenal Extramedullary Hematopoiesis 


Fig. 8.7 
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Magnetic resonance imaging (MRI), computed tomog- 
raphy (CT), and ultrasound (US) show right adrenal 
and paraspinal extramedullary hematopoiesis (EMH) 
in a patient with f-thalassemia. Unenhanced axial 
Tl-weighted image (TIWI) (Fig. 8.6a), unenhanced 
axial T2-weighted image (T2WI) (Fig. 8.6b), and 
enhanced axial T1 fat-suppressed (TIFS) image 
(Fig. 8.6c) show a right adrenal mass (arrows) with 
homogeneous low signal intensity on T1-weighted 
image, heterogeneous high signal intensity on 
T2-weighted image and heterogeneous enhancement 
on enhanced T1 fat-suppressed image. Histological 
examination of the right adrenal mass biopsy reveals 
extramedullary hematopoiesis (EMH). Follow-up CT 
images at 10 years later show the right adrenal EMH as 
a well-defined solid mass (arrows) with mild heteroge- 
neous densities on unenhanced (Fig. 8.7a) and 
enhanced (Fig. 8.7b) axial images. There is paraspinal 
EMH presenting as bilateral paraspinal nodules 
(arrowheads) on enhanced coronal (Fig. 8.7c) and 
axial (Fig. 8.7d) CT images. Follow-up ultrasound at 
13 years later (Fig. 8.8) shows heterogeneous echo- 
genicity of the right adrenal EMH (arrow). 


Key Diagnostic Features 


Extramedullary hematopoiesis (EMH) usually occurs in 
patients with P-thalassemia or other hemoglobinopathies [3]. 
Adrenal EMH is extremely rare [4]. Adrenal EMH has been 
reported as homogeneous hypoechoic mass on ultrasound 
[4], which is different from the current case shown. On 
computed tomography (CT), adrenal EMH appear as a 
homogeneous or heterogeneous enhancing mass with focal 
lower density areas on computed tomography (CT) [3, 4]. In 
patients with related hemoglobinopathies of EMH, adrenal 
EMH should be listed in differential diagnosis of an adrenal 
mass. Histological examination of the adrenal mass could 
help establish the diagnosis of adrenal EMH and avoid 
unnecessary adrenal mass resection. 
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8.4 Adrenal Hemorrhage 


Case 6 


Fig. 8.9 


Fig.8.10 


8.4 


Adrenal Hemorrhage 


Unenhanced computed tomography (CT) and follow- 
up ultrasound show a right adrenal hemorrhage of a 
17-year-old male patient who suffered from blunt 
abdominal trauma. Unenhanced axial CT image at the 
left renal upper pole level (Fig. 8.9a) illustrates acute 
hematoma (arrow) of the right adrenal gland measured 
as 60 Hounsfield units (HU). Unenhanced axial CT 
image at the left renal midportion (Fig. 8.9b) shows 
right retroperitoneal hematoma at the right posterior 
pararenal area (arrow) and surrounding the right kid- 
ney. Follow-up right renal ultrasound 1 month later 
(Fig. 8.10) shows decreased size of the right adrenal 
hematoma with mixed echogenicity (arrow). Follow-up 
right renal ultrasound 4 months later (Fig. 8.11) shows 
further reduction of the right adrenal hematoma into a 
small nodule (arrow). The high density of the adrenal 
lesion on unenhanced CT and its decreasing sizes over 
time on serial follow-up ultrasound support the diag- 
nosis of right adrenal hemorrhage. 
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Key Diagnostic Features 


Adrenal hemorrhage could be diagnosed by its typical imag- 
ing characteristics or follow-up images in the presence of 
related histories, especially of acute hematoma stage. Acute 
hematoma of adrenal gland shows typical high density rang- 
ing from 50 to 90 Hounsfield units on unenhanced computed 
tomography (CT) [5]. On ultrasound, acute hematoma of the 
adrenal gland usually shows higher echogenicity than the 
liver parenchyma [5]. On magnetic resonance imaging 
(MRI), acute hematoma usually shows high or intermediate 
signal intensity on T1-weighted images [5]. The size of adre- 
nal hemorrhage usually decreased over time [5]. The density 
of adrenal hematoma decreases gradually and becomes water 
density on unenhanced CT when it has been liquefied. A liq- 
uefied hematoma appears anechoic on ultrasound [5] and 
low signal intensity on T1-weighted images and high signal 
intensity on T2-weighted images on MRI. Another important 
imaging feature of adrenal hemorrhage on CT and MRI is 
the absence of enhancement of the hematoma itself unless 
there is active bleeding or hemorrhage in a preexisting adre- 
nal tumor. Adrenal hemorrhage usually occurs in trauma 
patients, patients undertaking anticoagulation therapy, 
patients with sepsis or hypotension, or newborns suffering 
from birth trauma, hypoxia, or coagulopathy [5]. Ultrasound 
is a useful follow-up imaging tool for validation of the diag- 
nosis of adrenal hemorrhage in newborns by demonstrating 
size reduction and liquefaction [5]. By using these imaging 
characteristics, adrenal hemorrhage could usually be diag- 
nosed with confidence, and follow-up imaging helps in solv- 
ing some cases of adrenal hemorrhage diagnosed with 
uncertainty. 
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8.5 Adrenal Cyst 


Case 7 


Fig. 8.12 


Unenhanced computed tomography (CT) and ultra- 
sound show a right adrenal pseudocyst. Unenhanced 
(Fig. 8.12a) and enhanced (Fig. 8.12b) axial CT images 
at the right adrenal area show a water density lesion 
(arrows) of the right adrenal gland, suggestive of right 
adrenal cyst. Right renal ultrasound (Fig. 8.13) 2 years 
later after CT imaging shows an anechoic mass (arrow) 
at the right suprarenal area, compatible with adrenal 
cyst. This right suprarenal cystic lesion has been 
resected later with histological evidence of right adre- 
nal pseudocyst by hemorrhage. 


Fig. 8.13 
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Case 8 


Ultrasound and computed tomography (CT) images 
show a left adrenal pseudocyst. Left renal ultrasound 
(Fig. 8.14) shows a cyst (arrow) at the left suprarenal 
area. Unenhanced (Fig. 8.15a) and enhanced 
(Fig. 8.15b) axial CT images show a cyst (arrows) 
with thin calcifications at the wall of the left adrenal 
gland (arrowheads). Histological examination of sur- 
gical specimen of this lesion reveals adrenal 
pseudocyst. 


Fig. 8.14 


Fig. 8.15 


Case 9 
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Fig. 8.16 


Computed tomography (CT) illustrates imaging charac- 
teristics of a left adrenal endothelial cyst. Unenhanced 
axial (Fig. ), enhanced axial corticomedullary phase 
(Fig. 8 ), enhanced axial excretory phase (Fig. 5c), 


and enhanced coronal excretory phase (Fig. 8.16d) images 
show a cyst (arrows) of the left adrenal gland (arrow- 
head), which has been proved as an endothelial cyst by 
histological examination of surgical specimen. 
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Case 10 Case 11 


Fig. 8.17 Fig. 8.18 
Computed tomography (CT) illustrates imaging char- Computed tomography (CT) illustrates imaging find- 
acteristics of a left adrenal pseudocyst. Unenhanced ings of a right adrenal pseudocyst. Unenhanced 
(Fig. 8.17a) and enhanced axial (Fig. 8.17b) CT images (Fig. 8.18a) and enhanced axial (Fig. 8.18b) CT images 
show a left adrenal pseudocyst (arrows) presenting as show a right adrenal cystic lesion (arrows) with central 
a multilocular cyst (arrows) with thin calcification. non-enhancing soft tissue part (arrowheads), which 


has been proved as pseudocyst after surgery. 
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Key Diagnostic Features 


Adrenal cysts could be easily diagnosed on images if they 
present with typical imaging characteristics as unilocular or 
multilocular cysts with or without thin calcifications [6]. 
There are four histological subtypes of adrenal cysts: 
endothelial cysts, pseudocysts, epithelial cysts, and parasitic 
cysts [6]. Among the four subtypes, endothelial cysts and 
pseudocysts are more common [6]. Adrenal pseudocysts 
may present as a hemorrhagic cyst with layering appearance 
because they usually come from hemorrhage of the adrenal 
gland [6]. Adrenal pseudocysts may have atypical imaging 
features with soft tissue density on computed tomography. 
However, no contrast enhancement of the soft tissue part in 
the lesion may suggest its nature as a pseudocyst rather than 
a true neoplasm [6]. 


Main Differential Diagnoses 


1. Retroperitoneal lymphangioma 
Retroperitoneal lymphangioma at the suprarenal location 
could mimic an adrenal cyst because both show similar 
unilocular or multilocular cystic appearance. If a normal 
adrenal gland is recognized and clearly not contiguous 
with the cystic lesion on images, a retroperitoneal lymph- 
angioma is more favored. 
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8.6 Adrenal Hyperplasia 


Case 12 


Fig. 8.19 


Computed tomography (CT) shows bilateral adrenal 
hyperplasia. Unenhanced axial (Fig. 8.19a), enhanced 
axial (Fig. 8.19b), and enhanced coronal (Fig. 8.19c) 
CT images show enlargement of bilateral adrenal 
glands (arrows) with preservation of adreniform shape. 
The densities of bilateral enlarged adrenal glands are 
homogeneous. There is absence of nodules in the bilat- 
eral adrenal glands. 


8.6 Adrenal Hyperplasia 


Case 13 


Le 


Fig.8.22 
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Computed tomography (CT), magnetic resonance 
imaging (MRI), and adrenal scintigraphy using iodine- 
131-6-B-iodomethylnorchoesterol (NP-59 scan) illus- 
trate imaging findings of bilateral adrenal hyperplasia. 
Unenhanced (Fig. 8.20a) and enhanced (Fig. 8.20b) 
axial adrenal CT images show obvious enlargement of 
bilateral adrenal glands (arrows). The mean limb width 
of the right adrenal gland is 8 mm and the left is 13 mm. 
There are multiple small nodules noted in both adrenal 
glands which have lower densities than adjacent adre- 
nal parenchyma. Unenhanced axial Tl-weighted 
(Fig. 8.21a) and T2-weighted (Fig. 8.21b) images on 
MRI show similar enlargements of both adrenal glands 
(arrows). Both adrenal glands appear as homogeneous 
lower signal intensity to liver parenchyma on 
T1-weighted images and homogeneous isointensity to 
the liver on T2-weighted images. NP-59 scan (Fig. 8.22) 
shows increased uptakes of bilateral adrenal glands 
(arrows). Bilateral adrenal hyperplasia is impressed. 
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Case 14 


Fig. 8.24 


Computed tomography and magnetic resonance imag- 
ing (MRI) show bilateral adrenal hyperplasia associ- 
ated with a pituitary microadenoma. Enhanced axial 
(Fig. 3a) and coronal (Fig. 3b) CT images show 
conspicuous enlargement of bilateral adrenal glands 
(arrows) with multiple nodules of variable sizes rang- 
ing from 13 to 46 mm. Pituitary gland dynamic 
enhanced MRI image (Fig. ) shows a 4-mm ade- 
noma (arrow) depicted in the pituitary gland, consis- 
tent with pituitary microadenoma. 
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Key Diagnostic Features 


Adrenal hyperplasia typically involves bilateral adrenal 
glands [5]. Bilateral adrenal hyperplasia most commonly 
appears as bilateral adrenal enlargements with smooth con- 
tours and maintenance of adrenal shape similar to normal 
ones [5]. The densities on CT and signal intensities on MRI 
of bilateral adrenal gland hyperplasia are similar to that of 
normal adrenal glands. Occasionally, bilateral adrenal hyper- 
plasia may show micronodular or macronodular appearances 
in addition to adrenal gland enlargement [5]. These micro- or 
macronodules may show a density similar to or slightly 
lower than the adjacent adrenal parenchyma on unenhanced 
CT, which become more conspicuous by lower density con- 
trast to normal adrenal parenchyma on enhanced CT. 
Bilateral adrenal hyperplasia could be seen in patients with 
Cushing’s syndrome, primary hyperaldosteronism, or adre- 
nogenital syndrome [5]. The majority (80-85 96) of Cushing's 
syndrome are adrenocorticotropic hormone (ACTH)- 
dependent, which usually results from pituitary lesions [7]. 
For patients with primary aldosteronism, mean adrenal limb 
width more than 5 mm with or without nodules has been 
reported as 100 96 specificity for diagnosing bilateral adrenal 
hyperplasia and more than 3 mm as 100 ^46 sensitivity [8]. 
However, adrenal venous sampling has been recommended 
for mean adrenal limb width between 3 and 5 mm for dif- 
ferentiating bilateral adrenal hyperplasia from aldosterone- 
producing adenomas (APA) in patients with primary 
aldosteronism [8]. Bilateral adrenal hyperplasia typically 
shows symmetric (i.e., bilateral) increased uptake in adrenal 
scintigraphy [9]. 


Main Differential Diagnoses 


1. Multiple adrenal adenomas in bilateral adrenal glands 
Multiple adrenal adenomas could be confused with bilat- 
eral adrenal hyperplasia appearing with nodular appear- 
ance on images. Nonetheless, coexisting increased widths 
of bilateral adrenal limbs usually favor the diagnosis of 
bilateral adrenal hyperplasia in patients presenting with 
primary aldosteronism [9]. For patients with indetermi- 
nate situations of mean adrenal limb width between 3 and 
5 mm, adrenal venous sampling is useful for their differ- 
entiation [9]. For patients presenting with hypercorti- 
solism, symmetric increased uptake on adrenal 
scintigraphy usually favors the diagnosis of bilateral adre- 
nal hyperplasia. On the other hand, multiple nodules of 
bilateral adrenal glands on CT found in a patient with nor- 
mal function of cortisol, aldosterone, and catecholamine 
suggest the diagnosis of incidentally detected adrenal 
adenomas. 
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8.7 Adrenal Adenoma 


Case 15 


Fig. 8.25 


Fig. 8.26 
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Computed tomography (CT) and magnetic resonance 
imaging (MRI) show a left adrenal adenoma. 
Unenhanced (Fig. 8 ) and enhanced (Fig. ) 
axial CT images show a left adrenal adenoma (arrows) 
with homogeneous low density on both unenhanced 
and enhanced images, which is lower than that of nor- 
mal adrenal gland. Unenhanced axial T1-weighted 
image (Fig. 8.26a) and T2-weighted image (Fig. ) 
show homogeneous low signal intensity of the left 
adrenal adenoma (arrows), which is similar to that of 
normal adrenal gland. 
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Case 16 


Triphasic adrenal computed tomography (CT) shows 
imaging findings of a left adrenal adenoma. Unenhanced 
axial adrenal CT (Fig. 8.27a) shows a left adrenal tumor 
(arrow) with 2.5 cm in maximal diameter and mea- 
sured mean density as 2.1 Hounsfield units (HU). 
Enhanced axial adrenal CT image at | min after con- 
trast medium administration (Fig. 8.27b) shows homo- 
geneous enhancement of this adrenal tumor (arrow) 
with mean density as 69.6 HU. Enhanced axial 
(Fig. 8.27c) and coronal (Fig. 8.27d) adrenal images of 
delayed phase at 15 min after contrast medium admin- 
istration show washout of tumor enhancement of this 
tumor (arrows) as 18.8 HU. Absolute percentage wash- 
out (APW) of this tumor is calculated as 75 % using the 
formula: APW=(mean density at 1 min enhanced 
CT-mean density at 15 min enhanced CT)/(mean den- 
sity at | min enhanced CT-mean density at unenhanced 
CT)x100 %. Relative percentage washout (RPW) of 
this tumor is calculated as 73 % by the formula: 
RPW z (mean density at 1 min enhanced CT-mean den- 
sity at 15 min enhanced CT)/mean density at 1 min 
enhanced CT) x 100 96. All these imaging features sug- 
gest the diagnosis of left adrenal adenoma. 


Fig. 8.27 


8.7 Adrenal Adenoma 


Case 17 


Fig. 8.28 
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Magnetic resonance imaging (MRI) shows bilateral 
adrenal adenomas. Unenhanced axial T2-weighted 
image (Fig. ) shows bilateral adrenal adenomas 
(arrowheads) with homogeneously low signal intensi- 
ties. Unenhanced in-phase (Fig. ) and out-of-phase 
(Fig. ) images show conspicuous signal drop of 
bilateral adrenal adenomas (arrowheads) on out-of- 
phase images as compared to in-phase images. Enhanced 
axial T1 fat-suppressed image (Fig. 8.28d) shows nearly 
homogeneous enhancement of bilateral adrenal adeno- 
mas (arrowheads). 


Key Diagnostic Features 


Most of the adrenal adenomas could be diagnosed on com- 
puted tomography (CT) or magnetic resonance imaging 
(MRI) by their imaging characteristics or specific imaging 
criteria using different imaging techniques. Adrenal adeno- 
mas are usually small tumors (1—3 cm) of oval shapes, which 
typically show homogeneous density and enhancement on 
CT and low signal intensity on both T1- and T2-weighted 
images on MRI. There are several specific imaging criteria 
for diagnosing adrenal adenomas in addition to these imaging 
characteristics. On unenhanced CT, a criterion of less than 
10 Hounsfield units for mean density of the tumor has been 
widely accepted for diagnosing adrenal adenomas with high 
specificity (0.98) and acceptable sensitivity (0.71) [10, 11]. 
On MRI, out-of-phase imaging (chemical shifting imaging) 
is used to demonstrate signal drop by the presence of intracy- 
toplasmic fat of adenomas as compared to that of in-phase 
with high sensitivity (0.81—1.00) and specificity (0.94—1.00) 
[10, 12]. Another imaging criteria of diagnosing adrenal 
adenomas (with nearly 1.00 sensitivity and specificity) are 
relative percentage washout (RPW) >60 % or relative per- 
centage washout (RPW) >40 % using triphasic adrenal CT 
studies (unenhanced and enhanced phases at 1 and 15 min 
after contrast medium administration) [12]. 

Imaging diagnosis of adrenal adenomas provides support- 
ive evidences for functioning and nonfunctioning adrenal 
adenomas. Adrenal adenomas are common and the majority 
of them are found incidentally during imaging examinations 
dedicated for other purposes [12]. On the other hand, a minor- 
ity (about 6 96) of adrenal adenomas are functioning with 
secretion of cortisol, aldosterone, or rarely sex hormone [12]. 
Bilateral adrenal adenomas are occasionally seen (10—20 96 
of adenomas) [12]. However, neither CT nor MRI could be 
used to indicate functional status of adrenal adenomas. 
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Main Differential Diagnoses 8.8 Adrenal Aldosteronoma 
(Aldosterone-Producing Adenoma) 
1. Adrenal metastasis 
Adrenal metastasis usually has a mean density higher Case 19 
than 10 Hounsfield units on unenhanced CT [12]. The 
washout pattern of adrenal metastasis on triphasic adrenal 
CT typically shows APW <60 % and RPW <40 % [12]. 
On MRI, adrenal metastasis typically appears as hetero- 
geneous and high signal intensity on T2-weighted image 
and does not have signal drop on out-of-phase images as 
compared to in-phase images [12]. All these findings are 
helpful for differentiating adrenal metastasis from adrenal 
adenomas. 


Fig. 8.29 


a 


Fig. 8.30 
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Fig.8.31 


Ultrasound, computed tomography (CT), and adrenal 
venous sampling are done for a patient with right adre- 
nal aldosterone-producing adenoma presenting with 
primary  aldosteronism. Right renal ultrasound 
(Fig. ) shows a small homogeneous nodule (arrow) 
at the right suprarenal area. Unenhanced axial CT 
image (Fig. 8.302) shows a right adrenal tumor (arrow) 
with homogeneous low density (measured as 9.4 
Hounsfield units). Right adrenal adenoma is impressed. 
Enhanced axial (Fig. ) and coronal (Fig. 8.30c) 
CT images show homogeneous enhancement of this 
tumor (arrows). Catheterization of the right adrenal 
vein during adrenal venous sampling (Fig. ) reveals 
secretion of aldosterone of this right adrenal adenoma. 


Fig. 8.32 
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Magnetic resonance imaging (MRI) shows imaging 
findings of an aldosterone-producing adenoma of the 
right adrenal gland. Unenhanced axial T2-weighted 
image (Fig. 8.32a) shows a right adrenal tumor (arrow) 
of 1.5 cm in maximal diameter with homogeneous low 
signal intensity. Unenhanced axial in-phase (Fig. 8.32b) 
and out-of-phase (Fig. 8.32c) images show decreased 
signal intensity of the right adrenal tumor (arrows) 
from in-phase image to out-of-phase image. Enhanced 
axial T1 fat-suppressed image (Fig. 8.32d) shows 
homogeneous enhancement of the right adrenal tumor 
(arrow). These imaging findings of right adrenal tumor 
suggest the diagnosis of an adenoma. The patient has 
clinical and laboratory evidences of hypokalemia, 
hypertension, hyperaldosteronism, and low renin titer, 
suggestive of primary aldosteronism. After resection of 
right adrenal tumor, the clinical symptoms and signs of 
the patient have resolved. 


Key Diagnostic Features 


Unilateral aldosterone-producing adenoma (APA) is one 
important cause of primary aldosteronism, which needs to be 
differentiated from bilateral adrenal hyperplasia mainly by 
computed tomography (CT) or further adrenal venous sam- 
pling [13]. Unilateral APA is treated by surgery which 
improves patient's symptoms and signs postoperatively [13]. 
On the other hand, bilateral adrenal hyperplasia usually uses 
medical treatments [13]. On CT, an APA is usually a small 
adenoma less than 2 cm in size [9]. About 20-25 % of 
aldosterone-producing adenoma has a size less than 1 cm?. 
The high proportion of small-sized APA explains some detec- 
tion failure on CT because it is difficult for CT to detect tumors 
less than 5 mm?. Magnetic resonance imaging is usually used 
as a complimentary tool for APA detection. Adrenal venous 
sampling has higher accuracy for diagnosing APA than CT 
since the high concentration of aldosterone in a sampled adre- 
nal vein provides direct evidence of functioning and secretion 
materials of APA [9]. However, it is sometimes difficult to 
catheterize right adrenal vein for adrenal venous sampling [9]. 
On the other hand, APA could not be reliably distinguished 
from nonfunctioning adenomas by CT imaging features [9]. 
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8.9 Adrenal Myelolipoma 


Case 21 


Fig. 8.33 


Fig. 8.34 


Ultrasound and unenhanced computed tomography 
(CT) show a left adrenal myelolipoma. Left renal ultra- 
sound (Fig. 8.33) shows a hyperechoic mass (arrow) 
superior to the left kidney. Unenhanced axial 
(Fig. 8.34a) and enhanced (Fig. 8.34b) axial CT images 
show a fatty tumor (arrow) with some soft tissue den- 
sity part contiguous to the left adrenal gland (arrow- 
head), suggestive of left adrenal myelolipoma. 


8.9 Adrenal Myelolipoma 


Case 22 


Fig. 8.35 


Magnetic resonance imaging (MRI) shows imaging 
findings of a left adrenal myelolipoma. Unenhanced 
axial Tl-weighted image (Fig. 8.35a), T2-weighted 
image (Fig. 8.35b), and enhanced T1 fat-suppressed 
image (Fig. 8.35c) show fatty part (arrowheads) of a 
left adrenal myelolipoma (arrows) as high signal 
intensity on both T1- and T2-weighted images. The 
soft tissue part of this tumor is enhanced. 
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Key Diagnostic Features 


Adrenal myelolipoma is diagnosed on images by the pres- 
ence of fat in an adrenal mass. Adrenal myelolipoma is com- 
posed of fat and myeloid parts [10]. Fatty parts in adrenal 
myelolipomas appear as low density similar to that of retro- 
peritoneal or subcutaneous fat on computed tomography 
(CT) and high signal intensity on both T1- and T2-weighted 
images with signal drop on fat-suppressed pulse sequences 
on magnetic resonance imaging (MRI) [10]. On the other 
hand, myeloid part in a myelolipoma has enhancement after 
contrast medium administration and shows soft tissue den- 
sity with enhancement on CT and low to intermediate signal 
intensity on MRI [10]. On ultrasound, the echogenicity of an 
adrenal myelolipoma varies [10]. An adrenal myelolipoma 
of predominant fat part shows hyperechoic appearance on 
ultrasound and an adrenal myelolipoma of predominant 
myeloid part shows hypoechoic appearance [10]. Adrenal 
myelolipomas are usually heterogeneous and well-defined 
masses [10]. In general, the presence of macroscopic fat in 
an adrenal mass highly suggests the diagnosis of an adrenal 
myelolipoma. 
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8.10 Adrenal Ganglioneuroma Case 24 


Case 23 


Computed tomography (CT) shows a right adrenal gan- 
glioneuroma in a 34-year-old woman. Unenhanced 
(Fig. 8.36a) and enhanced (Fig. 8.36b) axial CT images 
show a large well-defined tumor (arrows) of the right 
adrenal gland. This tumor has mild heterogeneous den- 
sities both before and after contrast medium 
administration. 


Computed tomography shows a right adrenal ganglio- 
neuroma in a 27-year-old woman. Unenhanced 
(Fig. 8.37a), enhanced corticomedullary phase 
(Fig. € ), and enhanced excretory phase (Fig. 8 ) 
axial CT images show a right adrenal solid tumor 
(arrows) with homogeneous densities on all phases. 


8.11 Adrenal Hemangioma 


Key Diagnostic Features 


Adrenal ganglioneuroma usually appears as a well-defined 
solid tumor with homogeneous or mild heterogeneous 
enhancement on computed tomography (CT) [14]. On 
magnetic resonance imaging (MRI), ganglioneuroma usu- 
ally has low signal intensity on Tl-weighted images 
(T1WI) and high signal intensity on T2-weighted images 
if it has a high content of myxoid stroma [14]. Adrenal 
ganglioneuroma could present as a large tumor up to 20 cm 
despite of its benign nature [14]. Calcification is a com- 
mon finding in adrenal  ganglioneuroma [15]. 
Ganglioneuroma usually occurs in adults (90 %) rather 
than children (10 %) [5]. Adrenal ganglioneuroma could 
have a similar picture as that of adrenal neuroblastomas; 
however, their common occurrence in age groups is quite 
different. Overall, it is usually difficult to obtain a correct 
preoperative diagnosis of adrenal ganglioneuroma by 
imaging alone for its rarity. 
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8.11 Adrenal Hemangioma 


Case 25 


Fig. 8.38 
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Plain radiography of the kidney, ureter, and bladder 
(KUB) and computed tomography (CT) and ultra- 
sound show a left adrenal hemangioma. Magnification 
view of the kidney area of KUB (Fig. 8.38) shows a 
large calcification (arrow) at the left upper abdomen. 
Enhanced axial CT images (Fig. 8.39a, b) show a left 
adrenal cystic mass (arrow, Fig. 8.39a) with calcifica- 
tions on septa and walls as well as a phlebolith (arrow, 
Fig. 8.39b). Histological examination of the resected 
tumor reveals a left adrenal hemangioma. 
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Key Diagnostic Features 


Adrenal hemangiomas could be diagnosed on images if 
they appear with typical enhancement patterns or phlebo- 
lith. Calcification or phlebolith is a common finding of 
adrenal hemangiomas, which is most easily detected on 
computed tomography (CT) [5, 16]. Adrenal hemangio- 
mas are usually a mixed tumor with cystic parts rather 
than a solid mass [16]. Thus, adrenal hemangiomas usu- 
ally have heterogeneous echogenicity with anechoic parts 
on ultrasound [16]. On magnetic resonance imaging 
(MRI), adrenal hemangiomas usually show low signal 
intensity on T1-weighted images and predominant high 
signal intensity on T2-weighted images [16]. The typical 
enhancement pattern of adrenal hemangiomas could be 
similar to that of hepatic hemangioma: early peripheral 
enhancement and “fill-in” to the central part of the tumor 
on delayed images [5]. However, some adrenal hemangio- 
mas do not show typical enhancement pattern on CT or 
MRI, which makes the diagnosis of adrenal hemangioma 
difficult [16]. On the other hand, an adrenal cystic tumor 
with calcifications, phleboliths, and typical enhancement 
pattern may alert the readers of the diagnosis of adrenal 
hemangiomas. 
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8.12 Adrenal Pheochromocytoma 


Case 26 


Fig. 8.40 


Magnetic resonance imaging (MRI) shows imaging find- image (Fig. )) shows no obvious signal drop in the 


ings of a right adrenal pheochromocytoma. Unenhanced 
axial T1-weighted image (Fig. 8.40a) shows intermediate 
signal intensity of a well-defined right suprarenal mass 
(arrow). Unenhanced axial  T2-weighted image 
(Fig. b) shows heterogeneous signal intensity of the 
right suprarenal tumor (arrow) varied from intermediate to 
high signal intensity. Unenhanced axial out-of-phase 


right adrenal tumor (arrow). Enhanced coronal T1 fat- 
suppressed image of corticomedullary phase (Fig. 8.40d) 
shows strong and slightly heterogeneous enhancement of 
the right adrenal tumor (arrow). Enhanced axial T1 fat- 
suppressed image of excretory phase (Fig. ) shows 
slow washout of the enhancement of the tumor with signal 
intensity similar as that of renal parenchyma. 


Case 27 


Fig. 8.41 


Computed tomography (CT) images show characteris- 
tics of a right adrenal pheochromocytoma. Unenhanced 
axial (Fig. 8.4la), enhanced axial (Fig. 8.41b), and 
enhanced coronal (Fig. 8.41c) CT images show a well- 
defined solid tumor (arrows) with strong enhancement 
at the right suprarenal area, consistent with adrenal 
pheochromocytoma. 
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Fig. 8.42 


Computed tomography (CT) shows imaging findings 
of a right adrenal cystic pheochromocytoma. 
Unenhanced axial (Fig. 8.42a), enhanced axial 
(Fig. 8.42b), and enhanced coronal (Fig. 8.42c) CT 
images show a large right adrenal tumor (arrows) with 
obvious cystic parts (arrowheads) in addition to 
enhancing solid parts. Cystic degeneration is depicted 
on histological examination of this adrenal 
pheochromocytoma. 


8.12 Adrenal Pheochromocytoma 
Key Diagnostic Features 


Images could suggest the diagnosis of adrenal pheochro- 
mocytomas if they appear as some classical imaging char- 
acteristics and are symptomatic. On the other hand, adrenal 
pheochromocytomas have a wide variety of imaging find- 
ings, which overlaps with adrenocortical carcinomas and 
adrenal metastasis [10]. On magnetic resonance imaging 
(MRI), adrenal pheochromocytomas usually show interme- 
diate to high signal intensity on T2-weighted images [10]. 
If the high signal intensity on T2WI is as bright as a light 
bulb (“light bulb sign”), a diagnosis of adrenal pheochro- 
mocytoma could be made on MRI. Nonetheless, “light 
bulb" sign occurs only in about one-third of adrenal pheo- 
chromocytomas [10]. Adrenal neoplasms with early and 
strong enhancement similar to that of vessels on CT or MRI 
should raise readers the possibility of adrenal pheochromo- 
cytomas, especially in symptomatic patients. Nonetheless, 
the enhancement pattern of most adrenal pheochromocyto- 
mas on CT and MRI is early enhancement with slow wash- 
out, which is similar to those of adrenocortical carcinomas 
and adrenal metastasis [10]. The majority of adrenal pheo- 
chromocytomas are symptomatic because adrenal pheo- 
chromocytomas are basically catecholamine-secreting 
tumors of the adrenal medulla [10]. On the other hand, 
about one-fourth of adrenal pheochromocytoma in patients 
are found incidentally [10]. Cystic change, hemorrhage, or 
calcifications occur in about 20 96 of adrenal pheochromo- 
cytomas [10]. Adrenal pheochromocytomas with obvious 
cystic degeneration show an appearance of so-called cystic 
pheochromocytomas on images by its predominant cystic 
part. 
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Imaging plays roles for differentiating benign from malig- 
nant adrenal pheochromocytomas. About 10 % of adrenal 
pheochromocytomas are malignant. The detection of metas- 
tasis to lymph nodes or other organs (liver, bone, and lung) 
on images is a reliable indicator of a malignant adrenal 
pheochromocytoma. 


Main Differential Diagnoses 


1. Adrenocortical carcinomas or adrenal metastasis 
The imaging appearances of adrenocortical carcinomas 
and adrenal metastasis overlap with some adrenal pheo- 
chromocytomas [10]. Correlation with clinical symptoms, 
laboratory findings, metaiodobenzylguanidine (MIBG) 
scintigraphy results, and histories are helpful for differen- 
tiation. Elevated serum or urinary titers of catecholamine 
metabolites favor the diagnosis of pheochromocytomas 
[10]. Positive finding on meta-MIBG scintigraphy highly 
suggests the diagnosis of pheochromocytoma by its high 
specificity [10]. Interval changes of adrenal sizes and 
appearances of patients with a history of other primary 
malignancies raise the suspicion of adrenal metastasis. 
2. Adrenal cysts 

Adrenal cysts may occasionally mimic cystic pheochro- 
mocytomas if they appear with soft tissue part in addition 
to commonly seen cystic part. Nonetheless, the soft tissue 
part of atypical adrenal cysts has no contrast enhance- 
ment [6]. On the other hand, the presence of enhancing 
solid parts in cystic pheochromocytomas suggests the 
diagnosis of adrenal cystic pheochromocytomas rather 
than adrenal cysts. 
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8.13 Adrenocortical Carcinoma 


Case 29 


Fig. 8.44 
Computed tomography (CT) and angiography show a adrenal arteriography (Fig. 8.44a) at arterial phase 
left adrenocortical carcinoma. Unenhanced (Fig. 8.43a) shows numerous tumor vessels of this tumor. Left adre- 
and enhanced (Fig. 3b) axial CT images show a nal arteriography at later phase (Fig. 8.44b) shows con- 


solid tumor (arrows) with heterogeneous enhancement spicuous tumor stain (arrow) at upper part of this 
and peripheral obvious vascularity (arrowheads). Left tumor. 
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Case 30 Case 31 


Fig. 8.45 


Computed tomography (CT) shows imaging charac- 
teristics of a left adrenocortical carcinoma. Unenhanced 
(Fig. 8.45a) and enhanced (Fig. 8.45b) axial CT images 
show a large and heterogeneous tumor (arrow) of the 
left retroperitoneum with calcification (white arrow- 
heads), cystic areas (black arrowheads), and solid- 
enhancing parts. The pancreas is displaced anteriorly 
by this tumor. The left kidney is displaced caudally by 
the tumor (not shown). Histological examination of the 
surgical specimen of this tumor reveals adrenocortical 


Magnetic resonance imaging (MRI) shows imaging find- 
carcinoma. 


ings of a right adrenocortical carcinoma. Unenhanced 
axial Tl-weighted image (Fig. 8.46a) shows a large 
tumor (arrow) with heterogeneous signal intensity. 
Unenhanced axial T2-weighted image (Fig. 8.46b) 
shows heterogeneous signal intensity of the tumor rang- 
ing from intermediate to high signal intensity. Enhanced 
corticomedullary phase coronal T1 fat-suppressed image 
(Fig. 8.46c) shows heterogeneous enhancement of this 
tumor (arrow) located superior to the right kidney. The 
cystic area (arrowheads) appears as low signal intensity 
on Tl-weighted image, high signal intensity on 
T2-weighted image, and no enhancement after contrast 
medium administration, representing necrotic part. 
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Key Diagnostic Features 


Adrenocortical carcinomas usually present as large, ill-defined 
tumors with heterogeneous density, echogenicity, or signal 
intensity on images [10]. On computed tomography (CT), 
adrenocortical carcinomas have a mean density higher than 10 
Hounsfield units on unenhanced images and slow washout as 
absolute percent washout «60 % and relative percent washout 
«40 % [10]. On magnetic resonance imaging (MRI), adreno- 
cortical carcinomas usually appear as low signal intensity on 
T1-weighted images and intermediate to high signal intensity 
on T2-weighted images [10]. Cystic areas, calcification, and 
hemorrhage are frequently seen in adrenocortical carcinomas 
[10]. Adrenocortical carcinomas could invade to adjacent 
organs and vessels as well as have metastasis to the liver, lung, 
bone, and lymph nodes [10]. Adrenocortical carcinomas usu- 
ally occur in children less than 5 years old or adults of fourth 
and fifth decades [10]. Adrenocortical carcinomas could be 
either functioning tumors (60 96) with secretion of sex hor- 
mone, cortisol, or aldosterone or nonfunctioning tumors [10]. 
Imaging not only suggests the diagnosis of adrenocortical car- 
cinomas but also provides their extents and status. 


Main Differential Diagnoses 


1. Adrenal adenomas 

The densities of adrenocortical carcinomas on unen- 
hanced CT and its enhancement pattern are distinct from 
adrenal adenomas. Adrenal adenomas usually have a 
mean density less than 10 Hounsfield units on 
CT. Furthermore, absolute percent washout >60 % or 
relative percent washout >40 % is highly accurate for 
diagnosing adrenal adenomas [10]. 
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8.14 Adrenal Metastasis 


Case 32 


Computed tomography (CT) shows a right adrenal 
metastasis from lung cancer. Unenhanced axial CT 
image (Fig. 8.47a) shows a right adrenal metastasis 
(arrow) with homogeneous density measured as 39 
Hounsfield units (HU) of its mean density. Enhanced 
axial CT image (Fig. 8.47b) shows heterogeneous 
enhancement of this adrenal metastasis (arrow) with 
central low density. The right adrenal metastasis is 
ill-defined. 


8.14 Adrenal Metastasis 


Case 33 


Fig. 8.48 


Adrenal computed tomography (CT) shows imaging 
findings of bilateral adrenal metastases from lung can- 
cer. Unenhanced axial adrenal CT image (Fig. ) 
shows a right adrenal metastasis (arrow) with hetero- 
geneous density. The left adrenal metastasis (arrow- 
head) has a solid appearance with homogeneous 
density. Enhanced axial adrenal CT image (Fig. 8.48b) 
shows heterogeneous enhancement of right adrenal 
metastasis (arrow). The left adrenal metastasis (arrow- 
head) is homogeneously enhanced. 
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Case 34 


Fig. 8.49 


Computed tomography (CT) shows bilateral adrenal 
metastasis. Unenhanced (Fig. € ) and enhanced 
(Fig. 8.49b) axial CT images show right (arrows) and 
left (arrowheads) adrenal metastases with cystic areas 
and nodular enhancing parts at the periphery. The cys- 
tic areas represent massive necrosis. Their peripheral 
nodular enhancing parts make them distinguishable 
from adenomas and cysts. The right adrenal metastasis 
has focal invasion to the liver parenchyma as well. 


Key Diagnostic Features 


Adrenal metastasis in a patient with other primary malignancies is 
common which is usually distinguishable from adrenal adenomas 
on computed tomography (CT) or magnetic resonance imaging 
(MRI). Adrenal metastasis may involve unilateral or bilateral adre- 
nal glands, which is most commonly from malignant tumors of the 
lung, kidney, breast, colon, or melanoma [5, 17]. Adrenal metasta- 
sis typically shows a density higher than 10 Hounsfield units on 
unenhanced CT and low signal intensity on T1-weighted image 
and heterogeneous high signal intensity on T2-weighted image of 
MRI [17]. Ill-defined margin is common in adrenal metastasis 
[17]. Of adrenal metastasis larger than 4 cm, they may appear as 
heterogeneous enhanced masses with cystic areas by the presence 
of central necrosis [5, 17]. On the other hand, small adrenal metas- 
tasis may show homogeneous density and enhancement [5]. 
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8.15 Primary Adrenal Lymphoma 


Case 35 


Fig. 8.51 Fig. 8.52 


8.16 Adrenal Neuroblastoma 


Renal ultrasound and serial computed tomography 
(CT) images show characteristics of primary adrenal 
lymphoma (PAL). Right renal ultrasound (Fig. 8.502) 
shows enlargement of the right adrenal gland (arrow- 
head) with homogeneous hypoechoic appearance. Left 
adrenal ultrasound (Fig. 8.50b) shows a left adrenal 
mass (arrow) having heterogeneous echogenicity with 
predominant hypoechoic area. Unenhanced axial adre- 
nal CT (Fig. 8.51a) shows enlargement of both limbs 
of the right adrenal gland (arrowhead) with homoge- 
neous density. There is a left adrenal mass (arrow) 
with central hypodense area and peripheral soft tissue 
density region. Enhanced axial adrenal CT (Fig. 8.51b) 
shows homogeneous enhancement of enlarged right 
adrenal gland (arrowhead) and heterogeneous 
enhancement of left adrenal mass (arrow) with 
enhanced peripheral soft tissue part only. Left adrenal 
biopsy reveals diffuse large B-cell lymphoma on histo- 
logical examination. Follow-up unenhanced 
(Fig. 8.52a) and enhanced (Fig. 8.52b) axial CT images 
4 months later after chemotherapy show the right adre- 
nal gland (arrowheads) returning to normal size. 
Decreased size and homogeneously hypodense appear- 
ance of the left adrenal mass are also depicted. 


Key Diagnostic Features 


Adrenal involvement by systemic lymphoma is uncommon 
[18]. Primary adrenal lymphoma (PAL) is even rarer and 
there are fewer than 200 cases reported in the literature [18]. 
Bilateral adrenal involvement is common in PAL [18]. On 
ultrasound, PAL shows a variety of echogenicity, but they 
most commonly present as hypoechoic masses [18]. On 
computed tomography (CT) PAL shows hypodense 
appearance more frequently than hyperdense tumors [18]. 
On magnetic resonance imaging (MRD, PAL has been 
reported as isointense or hypointense on T1-weighted images 
and hyperintense on T2-weighted images [18]. PAL in the- 
ory shows high signal intensity on diffuse-weighted image 
(DWD of MRI by water restriction effect due to its high cel- 
lularity [18]. Both homogeneous and heterogeneous 
enhancements are commonly seen in PAL on either enhanced 
CT or MRI [18]. 
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8.16 Adrenal Neuroblastoma 


Case 36 


Fig. 8.53 


Fig. 8.54 
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Ultrasound and computed tomography (CT) show a 
right adrenal neuroblastoma in a 2-month-old female 
infant. Right renal ultrasound (Fig. 8.53) shows a solid 
mass (arrow) with mixed echogenicity. Unenhanced 
axial CT (Fig. 8.54a) shows a solid mass (arrow) at the 
right suprarenal area containing faint calcifications 
(arrowheads) in its periphery. Enhanced coronal CT 
image (Fig. 8.54b) shows mild heterogeneous enhance- 
ment of this tumor with downward displacement of the 
right kidney. 


Fig. 8.55 


Computed tomography shows right adrenal cystic neu- 
roblastoma in a 1-day-old female neonate. Unenhanced 
(Fig. 8.55a) and enhanced (Fig. 8.55b) axial CT 
images show a right suprarenal tumor (arrows) with 
large cystic part and faint calcification (arrowheads). 


8.16 Adrenal Neuroblastoma 


Case 38 


Fig. 8.56 
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Fig.8.57 


Computed tomography and metaiodobenzylguanidine 
(MIBG) scintigraphy show a left adrenal neuroblas- 
toma with bone metastasis in a 3-year-old male. 
Enhanced axial (Fig. 8.56a) and coronal (Fig. 8.56b) 
CT images show massive calcifications (arrowheads) 
in the left adrenal tumor (arrows). Axial pelvic cavity 
CT using bone window (Fig. 8.56c) shows osteolytic 
lesion with disruption of the cortex of the right iliac 
bone, suggestive of bone metastasis. MIBG scintigra- 
phy (Fig. 8.57) shows increased uptake at skull base 
and thoracic spine (arrows) as bone metastasis. 


Fig.8.58 


Computed tomography (CT) shows a left adrenal neu- 
roblastoma with liver metastasis. Enhanced axial CT 
image (Fig. 8.58) shows a large left adrenal tumor 
(arrow) with dots of calcifications (white arrowhead) 
and cystic areas. There are numerous metastatic nod- 
ules (black arrowheads) in both lobes of the liver. 


Key Diagnostic Features 


Neuroblastoma is the most common malignant tumor of the 
adrenal gland in young children [5]. The median age of neuro- 
blastoma is <2 years old [19]. About 90 % of neuroblastoma 
occurs in children younger than 10 years old [10]. On com- 
puted tomography(CT), adrenal neuroblastoma is character- 
ized by a heterogeneous adrenal tumor with calcifications 
found in young children [10]. Hemorrhage, necrosis, or cystic 
changes are also common in adrenal neuroblastomas. On ultra- 
sound, adrenal neuroblastoma shows heterogeneous echo- 
genicity as well [5]. On magnetic resonance imaging (MRD), 
adrenal neuroblastoma usually appears as heterogeneous low 
signal intensity on T1-weighted image and high signal inten- 
sity on T2-weighted image [14]. Adrenal neuroblastomas may 
cross midline, invade adjacent structures, and encase adjacent 
vessels [14]. Liver and bone metastases are common in neuro- 
blastomas [14]. Meta-iodobenzylguanidine (MIBG) scintigra- 
phy is a highly sensitive and specific imaging tool for localizing 
neuroblastoma which shows high tracer uptake [10]. MIBG 
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scintigraphy is also useful for detecting metastasis and staging 
of neuroblastomas [10]. In young children presenting with an 
adrenal mass with calcifications on images, the most likely 
diagnosis is neuroblastoma in general speaking. 
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9.1 Benign Prostate Hyperplasia 


Case 1 


Fig. 9.1 
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Case 2 


Computed tomography (CT) shows imaging findings 
of benign prostate hyperplasia (BPH). Figure 9.1a, 
unenhanced axial CT image at the urinary bladder 
level shows an oval soft density mass (arrow) at the 
posterior half of the urinary bladder cavity. Figure 9.1b, 
enhanced axial CT image at the prostate level shows 
enhancement of the enlarged central gland (arrow) of 
the prostate, distinguishable from the peripheral zone 
of the prostate gland. Figure 9.1c, enhanced axial CT 
image of the urinary bladder level shows similar 
enhancement of the oval soft tissue structure (arrow) 
as that of the central gland in Figure 9.1b, suggestive of 
its continuity with prostate central gland. Figure 9.1d, 
enhanced coronal CT image of excretory phase of the 
urinary bladder shows protrusion (arrows) of medial 
parts of both lobes of the prostate gland into the uri- 
nary bladder cavity. The smooth surfaces and protrud- 
ing parts of the prostate gland favor BPH. 


Excretory urography (EU) shows imaging findings of 
prostate enlargement due to benign prostate hyperpla- 
sia (BPH). Figure 9.2a, magnification image of the uri- 
nary bladder of EU at 10 min after contrast medium 
administration shows indentation of the bladder base 
by an enlarged prostate gland (arrow). Figure 9.2b, 
magnification image of the urinary bladder of EU at 
30 min after contrast medium administration shows 
smooth contour of enlarged prostate gland (arrow) 
favoring BPH. 


9.1 Benign Prostate Hyperplasia 


Case 3 


Fig. 9.3 


Fig. 9.4 
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Transrectal ultrasound (TRUS) and magnetic reso- 
nance imaging (MRI) illustrate typical findings of 
BPH. Excretory urography (EU) shows imaging find- 
ings of prostate enlargement due to benign prostate 
hyperplasia (BPH). Figure 9.3, TRUS shows obvi- 
ously diffuse enlargement of the prostate gland (arrow) 
with protrusion (arrowhead) into the urinary bladder. 
Figure 9.4a, sagittal T2-weighted image of prostate 
MRI shows enlargement of the central gland of the pros- 
tate (arrow) as BPH. The visible dark line of the surgi- 
cal capsule (black arrowhead) ensures the enlarged part 
located in the central gland. The BPH protrudes into the 
bladder cavity (white arrowhead). Figure 9.4b, coronal 
T2-weighted image shows enlargement of the central 
gland of the prostate by benign prostate hyperplasia. 
Both prostate capsule (arrowhead) and surgical capsule 
(arrow) show normal low signal intensity lines. 


Key Diagnostic Features 


Benign prostate hyperplasia is hyperplasia of the transitional 
zone of the prostate gland. On EU, BPH usually shows indenta- 
tion on the urinary bladder base and, sometimes, elevation of 
the urinary bladder base away from the symphysis pubis as 
well as hooking appearance of the most distal segment of the 
ureter by elevation effect. However, the distinction of the tran- 
sitional zone and central zone of the prostate gland could not be 
clearly shown on images. Thus, the transitional and central 
zones of the prostate gland are named as "central gland" even 
on computed tomography (CT) or magnetic resonance imaging 
(MRD. On CT, the central gland is occasionally distinguishable 
from the peripheral zone after contrast medium administration 
by its higher density. BPH usually shows an enlarged prostate 
gland with its central part protruding into the urinary bladder 
showing a smooth outline. The similar density of the intrave- 
sicular protruding part with visible contiguity with the central 
gland of the prostate gland on CT could make the diagnosis of 
BPH confident. On magnetic resonance image (MRI), the ana- 
tomical differentiation of the central gland from the peripheral 
zone is best identified on T2-weighted image (T2WI) by the 
surgical capsule showing a dark line. Sagittal or coronal T2WI 
of MRI could clearly delineate the anatomical relationship of 
the intravesicular protrusion of the enlarged central gland of the 
prostate and thus suggest the diagnosis of BPH. 
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9.2 Prostate Tuberculosis 


Case 4 


Fig.9.5 


Computed tomography (CT) shows a patient having 
prostate as well as right renal and ureteral tuberculosis. 
Figure 9.5a, unenhanced axial CT image shows calci- 
fication (arrow) of the right lobe of the prostate gland. 
Figure 9.5b, enhanced axial CT shows an abscess 
(arrowhead) on the left lobe in addition to right lobe 
calcification (arrow). Figure 9.5c, axial enhanced CT 
image shows wall thickening and dirty fat (arrows) 
along the right renal pelvis. Figure 9.5d, axial enhanced 
CT shows enhanced and thickened wall of the right 
middle ureter (arrow). 


Key Diagnostic Features 


Prostate TB could appear as prostate abscess with or without 
calcifications on images. If prostate abscess is associated 
with calcifications on images, prostate TB should be taken 
into consideration first [1]. On the other hand, in the absence 
of concurrent prostate calcification, it may not be possible to 
differentiate prostate TB abscess from prostate pyogenic 
abscess by prostate imaging findings alone. However, pros- 
tate TB often comes from upper urinary tract TB. Thus, the 
presence of renal or ureteral TB findings in addition to pros- 
tate abscess may imply the diagnosis of prostate TB. 


9.3 Tuberculosis of the Seminal Vesicles 


9.3 Tuberculosis of the Seminal Vesicles 


Case 5 


Fig. 9.6 


Seminal vesiculography and computed tomography 
(CT) illustrate findings of tuberculosis of the seminal 
vesicles. Figure 9.6a, seminal vesiculography shows 
filling defects (arrowheads) in bilateral seminal vesi- 
cles, more obvious on the left side. The urinary bladder 
is opacified by contrast medium before this examina- 
tion. Figure 9.7a, unenhanced axial CT shows faint 
calcification (arrowhead) of the right seminal vesicle 
and enlarged size (arrow) of the left seminal vesicle. 
Figure 9.7b, enhanced axial CT of the same level as 
Fig. 9.7a shows mildly heterogeneous enhancement 
of the left seminal vesicle (arrow) with adjacent dirty 
fat. There is also mild dirty fat adjacent to right semi- 
nal vesicle calcification (arrowhead). Figure 9.7c, 
enhanced axial CT shows multiloculated cystic 
appearance of the left seminal vesicle (arrow). There 
are also tiny cystic areas in the right seminal vesicle 
(arrowhead). 


Key Diagnostic Features 


Tuberculosis (TB involvement of the seminal vesicles leads 
to TB abscess formation, calcifications, and caseous necro- 
sis. Therefore, TB involvement of the seminal vesicles 
appears as calcification and abscess formation with variable 
degrees of dirty adjacent fat on computed tomography (CT) 
[1]. On seminal vesiculography, the caseous materials by TB 
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Fig. 9.7 


become filling defects in seminal vesicles. Nonetheless, in 
the absence of calcification of the seminal vesicles, the imag- 
ing appearance of abscesses of the seminal vesicle by bacte- 
ria or TB infection could be similar and lack clear distinction 
[1]. In contrast, abscess in the seminal vesicles with calcifi- 
cations or concurrent findings of TB involvement on other 
sites including prostate or urinary tract should alert the read- 
ers of the possibility of TB infection. 
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9.4  TBOrchitis and Epididymitis 


Case 6 


Scrotal ultrasound (US), excretory urography (EU), 
and computed tomography (CT) show a patient 
with right tuberculosis (TB) epididymo-orchitis and 
right renal TB. Figure 9.8a, right scrotal US shows 
enlargement of the right epididymis (arrowheads) 
and multiple hypoechoic areas (arrows) in the right 
testis. Figure 9.8b, left scrotal US shows normal size 
and echogenicity of the left epididymis and testis. 
Figure 9.9, EU shows an amputated infundibulum 
(arrow) on the right renal upper infundibulum. The 
right upper calyx is not opacified by contrast medium. 
Figure 9.10a, coronal CT image of excretory phase 
shows dilated right upper calyx (arrows) without con- 
trast opacification. Neither tumor nor stone is detected 
on CT explaining for the hydrocalicosis. Figure 9.10b, 
axial CT image of excretory phase shows moth-eaten 
calyx (arrowheads) adjacent to the dilated and non- 
opacified calyx of the right kidney. 
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Fig.9.10 


Key Diagnostic Features 


TB orchitis usually occurs with epididymitis at the same 
time [2]. Unilateral TB epididymo-orchitis is more common 
than bilateral diseases [2]. TB epididymo-orchitis appears as 
intratesticular focal or diffuse low-echogenicity areas with 
epididymal involvement on ultrasound (US) [2]. US findings 
of TB epididymo-orchitis are nonspecific. Nonetheless, pyo- 
genic orchitis usually has more blood flow than TB orchitis. 
Since male genital TB usually results from renal TB via 
infected urine, most cases of genital TB have detectable 
renal TB lesions as well. Thus, imaging findings of renal TB 
in the presence of nonspecific scrotal US findings may sup- 
port the diagnosis of TB epididymo-orchitis. 
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9.5 Prostate Cancer Confined Case 8 
in the Prostate Gland 


Case7 


Fig.9.12 


Magnetic resonance imaging (MRI) shows prostate 
cancer confined in the gland. Figure 9.12, axial 
T2-weighted imaged (T2WI) of MRI shows abnormal 
low signal intensity area in the peripheral zone of both 
lobes of the prostate, compatible with prostate cancer 
(T). The prostate capsule (white arrowheads) shows 
normal dark line. 


Fig. 9.11 


A patient with prostate cancer has tumors confined in 
the prostate gland shown on magnetic resonance 
imaging (MRI). Figure 9.1la, axial T2-weighted 
imaged (T2WI) of MRI shows multiple tumors 
(arrows) located in both lobes of the prostate present- 
ing as low signal intensity areas or nodules. The pros- 
tate capsule overlying the tumors shows normal dark 
signal intensity (arrowheads), suggestive of tumors 
confined in the prostate. Note the normal peripheral 
zones of the prostate gland shows high signal intensity 
on T2WI. Figure 9.11b, coronal T2WI of MRI shows 
normal seminal vesicles as thin-walled tubular struc- 
tures with high signal intensity contents. A small 
prostate cancer (arrow) is noted in the peripheral zone 
of the left lobe. 
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Fig.9.13 


Magnetic resonance imaging (MRI) shows prostate 
cancer confined in the right lobe of the prostate gland. 
Figure 9.13a, coronal T2-weighted imaged (T2WI) of 
MRI shows a prostate cancer nodule (arrowhead) 
within peripheral zone of the right lobe of the prostate 
gland. Figure 9.13b, axial T2WI of MRI shows a tumor 
(arrowhead) confined in the right prostate apex. 


Key Diagnostic Features 


Magnetic resonance imaging (MRI) is better than computed 
tomography (CT) and transrectal ultrasound (TRUS) for 
localizing and local staging of prostate cancer. Prostate 
cancers in peripheral zones usually show low signal intensity 
areas or nodules on T2-weighted images (T2WI) of MRI [3]. 
In contrast, normal peripheral zone of the prostate gland 
shows high signal intensity on T2WI of MRI [3]. Diffusion- 
weighted image (DWI) and apparent diffusion coefficient 
(ADC) of MRI could also help in localizing prostate cancer 
by showing water restriction of prostate cancers [4]. If pros- 
tate cancers in peripheral zones do not abut the prostate cap- 
sule, confinement in the prostate gland of the tumors could 
be assured. When a prostate cancer abuts the prostate cap- 
sule, recognition of a normal dark line of prostate capsule on 
T2WI of MRI confirmed tumor confinement in the prostate 
gland. 


Main Differential Diagnoses 


1. Post-biopsy hemorrhage of the prostate gland 

The diagnosis of prostate cancer is confirmed by histo- 
logical examination of prostate biopsy. MRI is usually 
done for local staging of prostate cancer after histological 
proof of prostate cancer. It is therefore common to have 
post-biopsy hemorrhage of the prostate gland on prostate 
MRI. Prostate hemorrhage after biopsy could appear as 
low signal intensity areas of peripheral zones on T2WI of 
MRI, similar to those of prostate cancers. Nonetheless, 
prostate hemorrhage usually shows high signal intensity 
areas on Tl-weighted or Tl-fat suppressed images. 
In contrast, prostate cancers are usually similar to the 
adjacent normal prostate areas. Thus, low signal intensity 
areas on T2WI of MRI with high signal intensity appear- 
ance on TIWI at the same sites suggest post-biopsy hem- 
orrhage rather than prostate cancer. 
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9.6 Prostate Cancer with Extracapsular Case 11 
Extension 


Case 10 


Fig.9.14 


A patient with prostate cancer has right extracapsular 
extension with right neurovascular bundle tumor inva- 
sion. Figure 9.14a, axial T2-weighted imaged (T2WI) of 
magnetic resonance image (MRI) using an endorectal 
coil shows abnormal low signal intensity in the peripheral 
zone of the right lobe of the prostate gland (white arrow), Fig.9.15 
representing prostate cancer. The prostate cancer has a 

bulky extracapsular extension posteriorly (black arrow). 

The peripheral zone of the left lobe of the prostate shows 

normal high signal intensity with visible prostate capsule 

as a dark line (arrowhead). Figure 9.14b, axial T2WI of 

MRI, contiguous of Fig. 9.14a, shows right lateral (white 

arrow) and posterior extracapsular extension of the right 

prostate cancer. Nonvisualization of the right neurovascu- 

lar bundle is noted in contrast to normally visualized left 
neurovascular bundle (black arrowhead), suggestive of 

tumor invasion in the right neurovascular bundle. A small 

prostate cancer (black arrow) in the lateral part of the left 

peripheral zone is also depicted. There are multiple 

hyperplastic nodules in the central gland of the prostate. 


400 9 MaleReproductive System: Prostate Gland, Seminal Vesicles, and Scrotum 


Case 12 
Magnetic resonance imaging (MRI) using an endorec- 
tal coil shows imaging findings of prostate cancer in 
both lobes with left extracapsular extension and with- 
out bilateral neurovascular invasions. Figure 9.15a, 
axial T2WI MRI at seminal vesicle level shows thin 
walls of the seminal vesicles having high signal inten- 
sity content (arrows). No seminal vesicle invasion by 
prostate cancer is considered. Figure 9.15b, axial 
T2WI MRI at prostate level shows a small low density 
area (arrowhead) in the left peripheral zone with pos- 
terior smooth bulging appearance, consistent with 
prostate cancer. Figure 9.15c, axial T2WI MRI, con- 
tiguous of Fig. 9.15b, shows irregular posterior surface 
(arrowhead) of the left prostate cancer, suggestive of 
left extracapsular extension. Another cancer confined 
in the right peripheral zone of the prostate gland is 
noted as small low signal area (black arrow) with pos- 
terior smooth contour. Note bilateral neurovascular 
bundles are visible without tumor invasion. 


Fig.9.16 


Magnetic resonance imaging (MRI) shows imaging 
findings of bilateral prostate cancers with bilateral 
extracapsular extension. Figure  9.16a, axial 
T1-weighted image of MRI shows high signal inten- 
sity areas (black arrow) of bilateral peripheral zones of 
the prostate gland due to post-biopsy hemorrhage. 
Figure 9.16b, axial T2-weighted image of MRI shows 
abnormal low signal intensity area in the left periph- 
eral zone, just posterior to hemorrhage area, consistent 
with prostate cancer. The posterior surface of the left 
prostate cancer has triangular protruding appearances 
(arrowhead), suggestive of left posterior extracapsular 
tumor extension. Another prostate cancer (arrow) is 
located at the right lateral part of the prostate gland, 
showing sawtooth surface, suggestive of extracapsular 
extension as well. Histological examinations of surgi- 
cal specimen of radical prostatectomy revealed bilat- 
eral extracapsular extension of prostate cancers. 
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9.6 Prostate Cancer with Extracapsular Extension 


Case 13 


Fig.9.17 
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Magnetic resonance imaging (MRI) shows imaging 
findings of a patient having a large prostate tumor 
with left extracapsular extension and left neurovascu- 
lar bundle invasion. Axial Tl-weighted imaged 
(T1WD (Fig. 9.172), axial T2-weighted image (T2WI) 
(Fig. 9.17b), diffusion-weighted images (DWI) of 
b=0 (Fig. 9.17c) and b= 1,000 (Fig. 9.17d), apparent 
diffusion coefficient (ADC) (Fig. 9.17e), and 
enhanced axial T1 fat-suppressed image (TIFS) 
(Fig. 9.17f) of MRI show a large tumor (7) involving 
both lobes of the prostate gland. This tumor has inter- 
mediate signal intensity appearance on both T1WI 
and T2WI, which is an atypical appearance for pros- 
tate cancer. Nonetheless, this tumor appears as persis- 
tent high signal intensity areas on DWI of both b=0 
and b=1,000 as well as low signal intensity areas on 
ADC, suggestive of water restriction by prostate can- 
cer. This tumor has heterogeneous enhancement on 
enhanced T1FS image. Note obliteration of left neu- 
rovascular bundle by the tumor (arrow) in contrast to 
normal visualized right neurovascular bundle (arrow- 
head), suggestive of tumor invasion of left neurovas- 
cular bundle. 


Key Diagnostic Features 


Magnetic resonance imaging (MRI) is the best imag- 
ing modality for identifying and assessing extracapsular 
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extension of prostate cancers. Other imaging modalities 
such as transrectal ultrasound and computed tomography 
are insensitive for this purpose. On MRI, the evaluation 
of presence or absence of extracapsular extension relies 
mostly on T2-weighed images with or without fat-suppres- 
sion techniques [4]. Other pulse sequences of MRI could 
however provide complimentary information. The loss of 
normal dark line of prostate capsule at the site of prostate 
cancer on T2WI MRI suggests the prostate cancer at least 
abutting the prostate capsule with possible extracapsular 
extension. Nonetheless, a gross extra-prostate mass, trian- 
gular appearance, irregular surface, large bulging appear- 
ance, and loss of prostate-rectal or prostate-seminal angle 
suggest the diagnosis of extracapsular extension on MRI 
[3-5]. When extracapsular extension of prostate cancer is 
present, it would have neurovascular bundle involvement at 
the same time. The right neurovascular bundle is located at 
the right posterior-lateral aspect of the prostate gland, so- 
called 5 o'clock location, and the left neurovascular bundle, 
at the left posterior-lateral aspect, 7 o'clock location. If the 
neurovascular bundle is not involved by the tumor, several 
small dots and nodules with some surrounding fat could be 
recognized in the expected positions mentioned above. On 
the other hand, extracapsular extensions of prostate cancer 
in either 5 or 7 o'clock location with loss of normal visu- 
alization of neurovascular bundles suggest tumor invasion 
upon MRI. The use of endorectal coils in MRI provides bet- 
ter signal to noise ratio in recognizing prostate capsule and 
neurovascular bundles [5]. Nonetheless, some patients could 
not tolerate the inserted endorectal coils despite of its theo- 
retical advantages. 
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9.7 Prostate Cancer with Seminal Vesicle 
Invasion 
Case 14 


Fig.9.18 


Magnetic resonance imaging (MRI) shows imaging fea- 
tures of seminal vesicle invasion and lymph node metas- 
tasis in a patient with prostate cancer. Axial T1-weighted 
imaged (T1WD (Fig. ), axial T2-weighted image 
(T2WD (Fig. ), axial diffusion-weighted image 
(DWD of b=0 (Fig. ), axial DWI of b=1,000 
(Fig. 9.18d), and axial apparent diffusion coefficient 
(ADC) (Fig. ) MRI images show tumor invasion 
(white arrowheads) in the medial parts of the seminal ves- 
icles bilaterally, as evidenced by low signal intensity areas 
on T2WI and intermediate to low signal intensity areas 
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on TIWI as well as persistent high signal intensity on 
DWI of b=1,000 and low signal intensity on ADC. The 
most lateral parts (black arrows) of bilateral seminal ves- 
icles have high signal intensity on both TIWI and T2WI, 
representing subacute hemorrhage after biopsy. The 
right (short white arrows) and left external iliac lymph 
nodes (long white arrows) are smaller (1 cm) in diam- 
eter (size criteria for lymph node metastasis). However, 
they appear as abnormal high signal intensity of DWI of 
b 1,000, which suggests high probability of lymph node 
metastasis. 


Fig.9.19 


A patient with prostate cancer has tumor invasion in the 
seminal vesicles. Figure Ja, axial T2-weighted 
imaged (T2WI) of magnetic resonance image (MRI) 
shows tumor invasion in the medial part of the seminal 
vesicles, presenting as an area of low signal intensity 
(arrows). Figure , coronal T2WI of MRI shows 
superior extension of the prostate cancer (arrows) to the 
seminal vesicles. Note high signal intensity of the 
remaining normal part (arrowhead) of the seminal ves- 
icles. Figure c, axial T1 fat-suppressed (T1FS) 
image shows hemorrhagic areas (arrows) in the seminal 
vesicles. Figure , post-contrast axial TIFS image 
shows moderate enhancement of the tumor part 
(arrows) in the seminal vesicles. Note the hemorrhage 
area on TIFS image (Fig. c) is different from the 
low signal intensity area on axial T2WI (Fig. ) and 
enhanced area on post-contrast T1 FS image (Fig. ). 
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Key Diagnostic Features 


Normal seminal vesicles appear as tubules with smooth wall 
having high signal intensity content (ie. semen) on 
T2-weighted images (T2WI) of magnetic resonance image 
(MRI). When prostate cancer involves the seminal vesicles, 
the tumor part in the seminal vesicles would lose normal 
high signal intensity appearance and is replaced by low sig- 
nal intensity area on T2WI [3]. The remaining normal part of 
seminal vesicles would however keep the high signal inten- 
sity appearance on T2WI. Furthermore, the tumor invasion 
part of the seminal vesicles could also have heterogeneous 
contrast enhancement to highlight its presence on enhanced 
T1 fat-suppressed images. On the other hand, normal parts of 
the seminal vesicles have no contrast enhancements which 
enable their differentiation from the tumor invasion part of 
the seminal vesicles. Functional MRI such as diffusion- 
weighted image (DWI) and apparent diffusion coefficient 
(ADC) is helpful in identifying tumor invasion of the seminal 
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vesicles and lymph node metastasis. Because malignant neo- 
plasms usually restrict water diffusion, seminal vesicles and 
lymph nodes involved by prostate cancer could appear per- 
sistent high signal intensity on high-b-value DWI and low 
signal intensity on ADC, even of small sized lymph nodes. 


Main Differential Diagnoses 


1. Post-biopsy hemorrhage of seminal vesicles in prostate 
cancer patients 
The diagnosis of prostate cancer is validated by prostate 
cancer biopsy. Therefore, many patients suspected of 
prostate cancer by high prostate specific antigen (PSA) 
titers or positive findings of digital rectal examina- 
tions would undergo prostate biopsy first via transrectal 
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ultrasound (TRUS) of the prostate gland. The patients 
with proved prostate cancer by histological examinations 
then undergo MRI for prostate cancer staging. However, 
post-biopsy hemorrhage in the prostate gland or seminal 
vesicle is a common finding, which may last 4-8 weeks 
or even longer after biopsy. However, hematoma could 
also appear as low signal intensity area of the seminal 
vesicles similar to that of invasion of prostate cancer cells 
in the seminal vesicles. There are two ways to differenti- 
ate hemorrhage from tumor part in the seminal part. First, 
hemorrhage usually appears as high signal intensity on 
TIWI or TIFS image of MRI. If the low signal intensity 
area on T2WI is completely identical to the hemorrhagic 
area on TIWI or TIFS image, hemorrhage in the seminal 
vesicles is likely. Otherwise, tumor invasion in the semi- 
nal vesicle should be considered. 
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9.8 X Prostate Cancer with Bladder Invasion 
Case 16 


A patient with prostate cancer has tumor invasion in the 
posterior wall of the urinary bladder and seminal vesicles 


upon MRI. Figure a, sagittal T2-weighted image 
(T2WI) shows a large prostate tumor involving the blad- 
der neck, posterior wall of the urinary bladder (arrow), 
and seminal vesicles (arrowhead). Note the normal dark 
line appearance of the posterior wall of the urinary blad- 
der disappears at the site of tumor invasion. Figure 9.20b, 
axial T2WI shows a tumor mass involving the posterior 
wall of the urinary bladder (arrow) and seminal vesicles 


(arrowheads), as tumor invasion by prostate cancer. 
Figure c, axial apparent diffusion coefficient image 
shows low signal intensity of the whole mass, involving 
the posterior wall of the urinary bladder and seminal ves- 
icles (arrowheads) due to water restriction of the prostate 
cancer. Figure , enhanced axial T1-weighted fat- 
suppressed image shows heterogeneous enhancement of 
the tumor at the posterior wall of the urinary bladder 
(arrow) and seminal vesicles (arrowheads). 


9.8 Prostate Cancer with Bladder Invasion 


Case 17 


Fig.9.21 


A patient with prostate cancer shows tumor inva- 
sion in the seminal vesicles and right trigone of the 
urinary bladder with resultant right hydronephrosis. 
Figure 9.21a, enhanced axial CT image at seminal 
vesicles level shows a soft tissue enhancing tumor 
involving the posterior wall of the urinary bladder with 
irregular surface (arrow). The tumor also involves the 
seminal vesicles (arrowheads). Figure 9.21b, enhanced 
axial CT image, superior to Fig. 9.21a, shows irregu- 
lar wall thickening of the posterior wall (arrow) of the 
urinary bladder with encasement of the most distal 
part of the right ureter (arrowhead) at the right blad- 
der trigone. Figure 9.21c, enhanced axial CT at the 
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right kidney level shows right hydronephrosis (arrow) 
which resulted from tumor invasion at the right bladder 
trigone by prostate cancer cells shown in Fig. 9.21b. 


Key Diagnostic Features 


Advanced prostate cancer could involve the urinary bladder 
by direct extension. The most common site of urinary blad- 
der invasion by prostate cancer cells is the bladder neck and 
posterior wall of the urinary bladder. On computed tomogra- 
phy (CT), tumor invasion of the urinary bladder wall usually 
shows diffuse or focal wall thickening or a mass lesion with 
irregular surface, contiguous to the prostate gland. On mag- 
netic resonance imaging (MRI), prostate cancer cell invasion 
to the urinary bladder wall shows loss of normal dark line 
appearance of the urinary bladder wall on T2-weighted 
images in addition to its irregularly thickened wall. Sagittal 
images of CT or MRI are usually better than axial images in 
illustrating the anatomical relationship between prostate can- 
cer and the urinary bladder walls. When the ureteral orifice 
or the most distal part of the ureter is encased by tumor inva- 
sion of the ipsilateral bladder trigone, it results in obstruction 
of the corresponding renal collecting system and ureter with 
hydronephrosis and hydroureter appearance. By tracing 
down the dilated ureter course on serial images of either CT 
or MRI, we could usually recognize and confirm the exact 
obstruction site being at the ureterovesicular junction. 


Main Differential Diagnoses 


1. Benign prostate hyperplasia, protruding into the urinary 
bladder cavity 
Benign prostate hyperplasia (BPH) is located at the 
medial lobes of the prostate gland. However, a marked 
enlargement of benign prostate hyperplasia (BPH) could 
protrude into the cavity of the urinary bladder, which mim- 
ics bladder wall invasion by prostate cancer cells at the 
scene. Nonetheless, the protruding part of BPH usually 
has smooth surface and located in the bladder lumen spar- 
ing the bladder wall. Careful observation of the protruding 
part of the prostate on sagittal and coronal images in addi- 
tion to axial images on CT or MRI could usually make the 
distinction between protrusion into the urinary bladder 
cavity and tumor mass involving the urinary bladder wall. 
Furthermore, there is no loss of normal dark signal inten- 
sity in the urinary bladder wall on T2-weighted images of 
MRI in cases of BPH protruding into the urinary bladder 
cavity. The use of T2WI, diffuse-weighted image, and 
dynamic contrast-enhanced images of prostate MRIis able 
to differentiate BPH from prostate cancers in most cases. 
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9.9 Prostate Cancer with Rectal Invasion 
Case 18 


Fig.9.22 


A patient with prostate cancer has tumor invasion in 
the rectum as shown on computed tomography (CT). 
Figure 9.22a, enhanced coronal CT image shows an ill- 
defined mass (arrow) at the right perirectal area with 
complete obliteration of the fat plane between this mass 
and the rectal wall. Figure , enhanced axial CT 
image at the urinary bladder level shows the prostate can- 
cer invading the urinary bladder (arrow), seminal vesi- 
cles, and perirectal areas with complete obliteration of 
bilateral perirectal fat planes (arrowheads). Figure a 


enhanced axial CT image at the prostate level shows a 
heterogeneous prostate tumor (arrow) with posterior 
extension to retro-prostate areas. The prostate tumor abuts 
both the anterior and lateral walls (arrowheads) of the 
distal rectum. These findings suggest that prostate cancer 
adheres to the rectal wall and has at least serosal involve- 
ment of the rectum. Biopsies of the rectal walls under a 
colonofibroscopic examination confirm prostate cancer 
with invasion of the rectum. 


9.9 Prostate Cancer with Rectal Invasion 


Case 19 


Fig.9.23 


A patient with prostate cancer has tumor invasion in 
the rectal wall, bladder wall, seminal vesicles, and left 
pubic bone as shown on magnetic resonance imaging 
(MRD. Figure , sagittal T2-weighted image 
(T2WI) of MRI shows a large prostate tumor (arrow) 
occupying the whole prostate with invasion to the pos- 
terior urinary bladder wall (black arrowhead) and the 
seminal vesicles (black arrow). Note complete fat 
obliteration (white arrowheads) between the posterior 
border of this prostate cancer and the anterior walls of 
distal rectum. Figure 9 , axial T2WI of MRI shows 
this prostate cancer (7) with posterior extracapsular 
tumor extension and direct invasion of anterior rectal 
wall (white arrowheads). This prostate cancer also has 
left extracapsular extension (white arrow) and tumor 
involvement of the left pubic bone (black arrow). 
Figure 3c, enhanced sagittal T1-fat-suppressed 
(T1FS) image shows heterogeneous enhancement of 
this prostate cancer (arrow). Note the posterior extra- 
capsular extension part (arrowheads) of this cancer 
has similar density as the intra-prostate part of this 
prostate cancer. Figure 9.23d, enhanced axial T1FS 
images show this prostate cancer (T) invading the ante- 
rior rectal wall (arrowheads), left periprostate area 
(white arrow), and left pubic bone (black arrow). 
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Key Diagnostic Features 


The rectal wall could be invaded by advanced prostate cancer 
due to contiguous extension posteriorly. On computed 
tomography (CT) or magnetic resonance imaging (MRI), 
loss of fat planes between the tumor and rectal walls is the 
most common imaging sign identified, which suggests tumor 
adhesion of the rectum or serosal involvement of the rectal 
wall. Sometimes, the loss of normal signal intensity on the 
rectal wall with replacement of signal intensity area similar 
to that of prostate cancer could be identified on MRI, which 
suggests rectal wall invasion by prostate cancer cells. Similar 
findings on CT could be identified in diagnosing rectal inva- 
sion by prostate cancer cells. 
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9.10 Prostate Cancer With Osteoblastic 
Metastasis 


Case 20 


Fig. 9.24 


A patient with prostate cancer shows osteoblastic metasta- Figure c, axial CT image at the iliac bone level shows 


sis on computed tomography (CT) by the use of bone win- 
dow. Figure a, coronal CT image shows osteoblastic 
metastasis in the thoracic and lumbar spines as well as the 
pelvic bone. Figure , axial CT image at the L-spine 
level shows sclerotic change of the body (arrow) and lam- 
ina (arrowhead), suggestive of bone metastasis. 


osteoblastic metastasis in the iliac bone (arrow) and 
sacrum (arrowhead). Figure d, axial CT image at the 
acetabulum level shows osteoblastic metastasis in the ace- 
tabulum (arrow) and femoral head (arrowhead). Note the 
increased density of bone marrow and poor demarcation 
of bone marrow and cortex in osteoblastic metastasis. 
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Case 21 


Fig. 9.25 


Fig. 9.26 


A patient with prostate cancer shows osteoblastic metas- bones, and sacrum. Note osteoblastic change at the L1 left 
tasis on plain radiography of the kidney, ureter, and blad- pedicle (arrow). Figure 9.26, bone scan shows hot spots 
der (KUB) as well as bone scan. Figure 9.25, KUB shows in the skull, ribs, thoracic spine, lumbar spine, iliac bones, 
osteoblastic metastasis in the lumbar spine, bilateral iliac ^ sacrum, ischium, and acetabulum. 
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Case 22 


9.10 Prostate Cancer With Osteoblastic Metastasis 


A patient with prostate cancer shows osteoblastic 
metastasis on magnetic resonance imaging (MRI). 
Figure 9.27a, axial T2-weighted image of MRI shows 
a larger prostate cancer (arrow) with direct tumor inva- 
sion to the seminal vesicles (arrowheads). Figure 9.27b, 
axial T1-weighted image (T1 WI) of MRI at the acetab- 
ulum level shows a low signal intensity nodule (arrow) 
at the posterior column of the right acetabulum. 
Figure 9.27c, enhanced axial TI WI at the same level as 
Fig. 9.27b shows strong enhancement of this nodule 
(arrow) as bony metastasis. Figure 9.27d, axial TIWI 
of MRI shows an ill-defined nodule (arrow) of low sig- 
nal intensity at the left ischium. Figure 9.27e, enhanced 
axial TIWI of MRI shows enhancement of this bony 
metastatic nodule. 


Key Diagnostic Features 


Bony metastasis in prostate cancer patients is usually scle- 
rotic in appearance, which is called osteoblastic metastasis. 
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The most common sites of osteoblastic metastasis are the 
pelvic bones, followed by the lumbar spine. Magnetic reso- 
nance imaging (MRI) is sensitive for detecting osteoblastic 
metastasis of prostate cancer [3], but its use is limited by 
its high cost. On MRI, osteoblastic metastasis usually 
appears as low signal intensity nodules or areas on both 
T1- and T2-weighted images. The enhancement of osteo- 
blastic metastatic lesions allows their differentiation from 
bone islands, which is a common and benign condition. On 
bone scan, bony metastasis is diagnosed by increased 
radiotracer uptakes, so-called hot spots, regardless of 
osteoblastic or osteolytic metastasis. Bone scan is gener- 
ally speaking less sensitive than MRI for osteoblastic 
metastasis. On computed tomography (CT), osteoblastic 
metastasis appears as increased density of the bone which 
results in poor demarcation of the cortex and bone marrow. 
The use of bone window in CT helps in detecting osteo- 
blastic metastasis. Nonetheless, CT is less sensitive than 
bone scan and MRI for detecting osteoblastic metastasis. 
Plain radiography of the kidney, ureter and bladder could 
detect osteoblastic metastasis only when there is severe 
osteoblastic metastasis. 
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9.11 Prostate Sarcoma 


Case 23 


Fig.9.28 


9.11 Prostate Sarcoma 415 


Magnetic resonance imaging (MRI) illustrates imag- 
ing features of prostate sarcoma. Figure 9.282, sagittal 
T2-weighted image (T2WI) of MRI shows a huge 
tumor (arrows) occupying the whole prostate gland 
and protruding into the bladder cavity (arrowhead). 
This tumor also extends to the pre-prostate area abut- 
ting the pubic bone. Figure 9.28b, axial T1-weighted 
image (T1WD of MRI at the acetabular level shows a 
homogeneous signal intensity mass (arrows) occupy- 
ing nearly the whole pelvic cavity. Figure 9.28c, axial 
T2WI of MRI at the renal level shows bilateral hydro- 
nephrosis (arrows). Figure 9.28d, axial T2WI of MRI 
at the urinary bladder level shows a large tumor (black 
arrow) involving the posterior part of the urinary blad- 
der (black arrowhead) and retrovesicular area. Bilateral 
distal ureters are dilated (white arrowheads) due to 
tumor invasion of the urinary bladder. Figure 9.28e, 
axial T2WI of MRI at acetabular level shows a giant 
tumor (arrows) with heterogeneous signal intensity 
occupying the prostate fossa and retro-prostate area 
and abutting bilateral sidewalls of the pelvic cavity. 


Fig.9.29 
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9.12 Testicular Hematoma 
Computed tomography (CT) shows imaging findings 
of prostate sarcoma in a 37-year-old man. Figure 9.292, Case 25 
axial enhanced CT at the seminal vesicle level shows 
tumor involvement (arrow) of the left and medial parts 
of the right seminal vesicles. Figure 9.29b, axial 
enhanced CT at the urinary bladder level shows a large 
prostate tumor (arrow) with heterogeneous density and 
large necrotic area. The tumor invades the posterior 
wall of the urinary bladder and extends to the retro- 
prostate area abutting to the left levator ani muscle. 
The foley catheter (white arrowhead) marks the pros- 
tate urethra position, which is displaced right anteri- 
orly by the tumor. Figure 9.29c, axial enhanced CT at 
the symphysis pubis level shows a necrotic tumor 
(arrows) extending anteriorly near the left pubic bone 
and posteriorly abutting the rectum and levator ani 
muscles. The contour of the left levator ani muscle 
becomes arc in appearance by this tumor. 


Key Diagnostic Features 


Prostate sarcoma is a rare prostate malignancy [6]. It is char- 
acterized by rapid growth or a wide extent of the tumor at the 
time of its diagnosis. On images, prostate sarcoma usually 
appears as a huge tumor involving prostate gland and adja- 
cent organs, including seminal vesicles, urinary bladder, and 
rectum. It typically has a heterogeneous density after con- 
trast medium enhancement. By its rapid growth, tumor 
necrosis is usually evident on computed tomography (CT) as 
a non-enhancing cystic part within a solid tumor and on mag- 
netic resonance image (MRI) as a high signal intensity area 
as bright as water on T2-weighted images. There is only one 
report on the MRI finding of prostate sarcoma published in 
the literature, in which prostate sarcoma shows homoge- 
neous low signal intensity on T1-weighted image and hetero- 
geneous high signal intensity with pseudocapsule on 
T2-weighted image [6]. Similarly, prostate sarcoma of Case 
24 shows homogenous signal intensity on T1-weighted 
image and heterogeneous signal intensity on T2-weighted 
image. However, the signal intensity on T2-weighted image 
is not as high as the reported case and without visible pseu- — , 
docapsule [6]. Therefore, it remains unclear whether prostate i 
sarcoma could be differentiated from an advanced staged 
prostate carcinoma with similar wide extent by MRI alone. 
Nonetheless, a huge prostate tumor with a wide extent occur- 
ring in a man with low titer of prostate surface antigen hints 

the high probability of a prostate sarcoma, especially in 
young men. 
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Key Diagnostic Features 


Hematomas in the testicular region could have variable 
imaging findings depending on the stage of the hemato- 
mas. Acute hematoma has a high density ranging 60-90 
Hounsfield units on computed tomography (CT) and 
hyperechoic appearance on ultrasound. If there is no active 
bleeding at the time of CT study, a hematoma usually has 
no contrast medium enhancement. Over days to weeks, a 
hematoma undergoes liquefaction with its CT density and 
US echogenicity decreased accordingly. If a hematoma is 
purely liquefied, it appears as a cystic lesion with density 
similar to that of water on CT and an anechoic appearance 
on ultrasound (US). Nonetheless, it is common for a hema- 
toma containing variable stages. Therefore, a hematoma 
could also appear as a mass of heterogeneous echogenicity 
on US and mixed densities on CT. Chronic hematoma could 
appear as a multiloculated lesion containing thick septa. 
The anechoic region in a multiloculated hematoma on US 
represents a liquefied part. A layering appearance on US or 
CT forms by an interface of different echogenicities or den- 
sities of different staged hematomas. Nonetheless, it could 
be sometimes difficult to differentiate testicular hematoma 
from other disease entities such as neoplasms or infections, 
especially of mixed echogenicity on US or densities on CT 
without layering appearances. A clinical correlation with 
trauma history is usually necessary and helpful for further 
differentiation. 


Fig.9.31 (continued) 


Scrotal ultrasound (US) shows imaging features of a 
testicular chronic organized hematoma. Figure 9.30, 
right scrotal US shows a multiloculated lesion (arrows) 
with mixed anechoic (arrowhead) and hypoechoic 
lesions in the right testis. There is layering appearance 
in some parts of the multiloculated lesion. Figure 9.3 1a, 
unenhanced axial CT image at the scrotal level shows 
a cystic lesion (arrow) with smooth and thick wall and 
internal high density content (arrowhead). 
Figure 9.31b, enhanced axial CT image at the scrotal 
level shows this cystic lesion (arrow) has only wall 
enhancement. There is no obvious enhancement of 
internal high density content (arrowhead). 
Figure 9.31c, enhanced coronal CT image at the scro- 
tal level shows this cystic mass (arrow) in the right 
scrotum. Figure 9.31d, enhanced sagittal CT image at 
the scrotal level shows no obvious enhancement of this 
cystic lesion (arrow) except the wall. 
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9.13 Testicular Microlithiasis 9.14 Testicular Seminomas 


Case 26 Case 27 


Fig. 9.32 


Scrotal ultrasound (US) shows imaging features of 
testicular microlithiasis associated with a testicu- 
lar tumor. Figure 9.32a, right scrotal longitudinal 
US shows diffuse small echogenic foci (arrowhead) 
distributed throughout the left testis as microlithia- 
sis. Figure 9.32b, left scrotal longitudinal US shows 
a well-defined, hypoechoic tumor (arrow) in the left 
testis, in addition to diffuse microlithiasis. This tumor 
is confirmed as an embryonal cell carcinoma by histo- 
logical examination of surgical specimen. 


Fig. 9.33 


Scrotal ultrasound (US) shows imaging findings of a 
testicular seminoma. Right scrotal longitudinal 
(Fig. 9.33a) and transverse (Fig. 9.33b) US show a 
well-defined mass (arrows) with homogeneous hypo- 
echogenicity of the right testis. It has a largest diameter 
of 11 cm. 


Key Diagnostic Features 


Testicular microlithiasis is diagnosed by ultrasound (US) as 
numerous tiny (1—2 mm) echogenic foci scattered diffusely 
in the testis [7]. These small calcifications resulted from 
degenerative calcifications of the seminiferous tubules. 
Testicular microlithiasis could involve one or both testes. 
Bilateral involvement is common. Testicular microlithiasis is 
associated with undescended testis and infertility [2]. 
Furthermore, an association of testicular microlithiasis with 
testicular cancer has been reported [2]. 
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Case 28 


Scrotal ultrasound (US) and computed tomography 
(CT) show imaging features of a right testicular semi- 
noma. Right scrotal longitudinal US (Fig. 9.34) shows 
a homogenous hypoechoic mass (arrow) in the right 
testis, which is well demarcated from normal testis 
parenchyma. The tumor is associated with microli- 
thiasis (arrowheads). Unenhanced axial (Fig. € ), 
enhanced axial (Fig. ), and enhanced coronal 
(Fig. ) CT images show a homogeneous density 
mass (arrows) of the right testis. 


Fig.9.35 
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9.15 Testicular Non-seminomatous Mixed 
Germ Cell Tumors 


Case 30 


Fig. 9.36 


Scrotal ultrasound (US) shows atypical imaging find- 
ings of a testicular seminoma. Figure 9.36, left scrotal 
longitudinal US shows a heterogeneous mass (arrow) 
of the left testis. Histological examination of left radi- 
cal orchiectomy reveals a seminoma confined in the 
left testis. 


Key Diagnostic Features 


Seminoma is one histological type of germ cell tumor of the 
testis. The majority of testicular tumors are germ cell tumors, 
and seminoma accounts for 40 96 of germ cell tumors. 
Seminomas usually occur in men of 30-45 years old. On 
ultrasound (US), seminomas are typically homogeneous and 
hypoechoic in appearance. On computed tomography (CT), 
testicular seminomas typically appear as homogenous den- 
sity mass both before and after contrast medium administra- 
tion [2]. Nonetheless, seminomas sometimes also appear as a 
heterogeneous mass on US and CT. US is the primary imag- 
ing tool for detecting testicular tumors. CT is used for tumor 
staging by detecting metastatic lymph nodes and distant 
metastasis. Magnetic resonance imaging (MRI) is usually 
served as a problem-solving tool, when there are discrepant 
findings on US and CT because it is a more expensive tool. 
On MRI, seminomas usually appear as isointensity to normal 
testis tissue on T1-weighted image and low signal intensity 
lesion on T2-weighted image. US, CT, or MRI could not 
differentiate seminomas from other kinds of testicular 
tumors. The primary purpose of imaging studies is to 
differentiate testicular neoplasms from other testicular 
diseases (e.g., orchitis) since the standard treatment of a 
testicular neoplasm is radical orchiectomy. 


Scrotal ultrasound (US) shows imaging features of a 
mixed germ cell tumor of the right testis composed of 
embryonal carcinoma, yolk sac tumor, and immature 
teratoma. Figure 9.37a, right scrotal longitudinal US 
shows an ill-defined mass (arrow) with heterogeneous 
echogenicity of the right testis. This tumor has some 
anechoic cystic areas (arrowheads). Figure 9.37b, left 
scrotal longitudinal US shows microlithiasis as mul- 
tiple tiny, echogenic foci (arrowheads) distributed in 
the left testis. 
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Case 31 


Fig. 9.38 


Fig. 9.39 


Scrotal ultrasound (US) and computed tomography (CT) shows a left testis tumor (arrow) with heterogeneous 
show imaging features of a mixed germ cell tumor of density. The right testis (arrowhead) has normal appear- 
the right testis composed of 30 % of yolk sac tumor and ance. Figure 9.39b, coronal enhanced CT image shows 
70 96 of immature teratoma. Figure 9.38, left scrotal mild hydrocele (arrowhead) associated with the left 
longitudinal US shows a heterogeneous echogenic tumor testis tumor (arrow). 

of the left testis. Figure 9.39a, axial enhanced CT image 
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Case 32 
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Fig. 9.40 


Computed tomography (CT) shows imaging features 
of a mixed germ cell tumor composed of 90 % of 
embryonal carcinoma and yolk sac tumor and 10 % of 
teratoma. Figure 9.40a, unenhanced CT image at the 
testis level shows a left testicular tumor (arrow) with 
mild heterogeneous density. Figure 9.40b, enhanced 
CT image at the testis level shows more heterogeneous 
density of this tumor (arrow) after contrast medium 
administration. Figure 9.40c, enhanced CT image at 
the renal hilar level shows confluent lymph node 
metastasis (arrows) at retrocaval and aortocaval areas. 


Key Diagnostic Features 


Germ cell tumor is most common for testicular tumors, 
which accounts for about 95 % of all testicular tumors. Germ 


cell tumors include seminoma, embryonal carcinoma, yolk 
sac tumor, choriocarcinoma, and teratoma [2]. Germ cell 
tumors could be categorized as seminomas and non- 
seminomatous germ cell tumors. A mixed germ cell tumor 
refers to a tumor composed of more than one histological 
type. Ultrasound (US) is the primary imaging modality for 
detecting and diagnosing testicular tumors. On US, non- 
seminomatous germ cell tumors are typically heterogeneous 
in echogenicity. Hydrocele is a common finding in testicular 
tumors. Testicular microlithiasis is associated with testicular 
tumors as well. Computed tomography (CT) is usually used 
for detecting lymph node and distant metastasis. Right tes- 
ticular tumors usually have retrocaval lymph node metastasis 
first. For left testicular tumors, left para-aortic lymph nodes 
are usually firstly involved. However, all imaging modalities 
are not able to diagnose the histological type of a testicular 
tumor. Images of testicular tumors are primarily for detec- 
tion and staging of testicular tumors. 
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9.16 Testicular Teratocarcinomas 


Case 33 


Fig.9.42 
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9.17 Testicular Embryonal Carcinomas 
Scrotal ultrasound (US) and computed tomography 
(CT) show right testicular teratocarcinoma in a Case 34 
24-year-old man. Figure 9.4 1a, right scrotal longitudi- 
nal US shows a right testicular mass (arrow) with right 
epididymal invasion (arrowhead). Figure 9.41b, right 
scrotal longitudinal US shows this testicular tumor 
(arrow) with some vascularity (arrowhead). 
Figure 9.42a, axial enhanced CT image at the renal 
hilar level shows right hydronephrosis (arrow) and 
inferior vena cava (IVC) thrombosis (arrowhead). 
Figure 9.42b, axial enhanced CT image at the renal 
lower pole level shows enlarged lymph node (arrow) 
with direct invasion to posteriorly located IVC (arrow- 
head). There is obvious dirty fat and stranding at the 
paracaval and right perinephric areas. Figure 9.42c, 
axial enhanced CT image at the common iliac artery 
level shows lymph node metastasis (arrow) at the right 
common iliac area, adhering to the right ureter (arrow- 
head). Figure 9.42d, axial enhanced CT image at the 
right iliac crest level shows a filling defect in the right 
testicular vein (arrowhead), representing thrombosis. 
Enlarged lymph node (arrow) anterior to the right 
common iliac artery is also depicted. Histological 
examination of right radical orchiectomy shows a tera- 
tocarcinoma with epididymal invasion and tumor 
thrombosis in the right spermatic vein. 


Key Diagnostic Features 


Teratocarcinoma is one histological type of testicular germ 
cell tumors, composed of both embryonal carcinoma and 
teratoma [7]. Testicular teratocarcinoma has a very aggres- 
sive behavior, characterized by local invasion and early 
metastasis to the lymph nodes or distant organs. On US, 
a teratocarcinoma is usually present with an ill-defined 
heterogeneous mass with invasion to tunica albuginea and 
epididymis. Computed tomography and magnetic resonance 
images are useful for detecting lymph node and distant organ Fig. 9.43 
metastases as well as for follow-up of tumor response to 
chemotherapy after radical orchiectomy. 


Scrotal ultrasound (US) shows imaging features of 
right testicular embryonal carcinoma in a 22-year-old 
man. Figure 9.43a, scrotal transverse US shows a right 
testicular mass (arrow) with poorly circumscribed and 
heterogeneous echogenicity appearance. The medial 
part of the left testis (arrowhead) has a normal appear- 
ance. Figure 9.43b, right scrotal longitudinal US 
shows this testicular tumor (arrow) involving the right 
epididymis (arrowhead). Histological examination of 
right radical orchiectomy specimen shows embryonal 
carcinoma of the right testis and epididymis. 
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Case 35 Case 36 


Fig. 9.46 


Fig. 9.44 


Scrotal ultrasound (US) shows imaging features of a 
right testicular embryonal carcinoma in a 23-year-old 
man. Figure 9.46, right scrotal longitudinal US shows 
an ill-defined mass (arrow) with increased vascularity 
(arrowheads) in the right testis. 


Key Diagnostic Features 


Testicular embryonal carcinomas are categorized into 
Fig.9.45 non-seminomatous germ cell tumors. Embryonal carcino- 
mas occur in younger men, usually 20—35 years old [7]. 
Embryonal carcinomas tend to have a local aggressive 
behavior with extra-testicular tumor invasion to the adjacent 
anatomical structures [7]. On US, embryonal carcinoma is 
more commonly seen as a heterogeneous echogenicity and 
poorly defined mass than seminomas [7]. Nonetheless, 
embryonal carcinoma could sometimes present as a well- 
defined and homogenous hypoechoic mass on US as well. 
Thus, imaging findings on US, computed tomography, and 
magnetic resonance imaging may not allow histological dif- 
ferentiation of testicular embryonal carcinomas from other 
testicular neoplasms. Images are dedicated for evaluating 
tumor extent and staging instead. 


Scrotal ultrasound (US) and computed tomogra- 
phy (CT) show imaging features of a left testicu- 
lar embryonal carcinoma in a 32-year-old man. 
Figure 9.44, scrotal transverse US shows a well-cir- 
cumscribed and hypoechoic mass (black arrow) in 
the left testis. There is microlithiasis (arrowheads) 
in the right and left (white arrow) testes. Figure 9.45, 
enhanced axial CT at the scrotal level shows a well- 
defined mass (arrow) in the left testis. The lower part 
of the right testis (arrowhead) is normal in appearance. 
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9.18  Testicular Choriocarcinoma 


Case 37 


9.19 Testicular Lymphoma 
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Computed tomography (CT) shows imaging findings 
of a right testicular choriocarcinoma. Figure 9.47a, 
enhanced axial CT image at the renal upper pole level 
shows an enlarged lymph node (arrow) at the retrocru- 
ral area. A mass lesion of left adrenal gland is depicted 
as adrenal metastasis (arrowhead). Figure 9.47b, 
enhanced axial CT image at the renal hilar level shows 
massive para-aortic lymphadenopathy (arrow) sur- 
rounding the abdominal aorta. Figure 9.47c, enhanced 
axial CT image at iliac bone level shows confluent 
lymph nodes (arrowheads) between bilateral common 
iliac arteries and left lateral to the left common iliac 
artery. Figure 9.47d, enhanced axial CT image at the 
piriformis muscle level shows enlarged lymph nodes 
(arrowheads) posterior to the left external iliac artery 
and vein. Figure 9.47e, enhanced axial CT image at the 
scrotal level shows heterogeneous enhancement 
(arrow) of the right testis, consistent with a testicular 
malignant tumor. 


Key Diagnostic Features 


A testicular choriocarcinoma is usually an aggressive tumor 
with metastasis at presentation [7]. Scrotal ultrasound is used 
to detect the testicular tumor itself. However, computed 
tomography (CT) is usually used for detecting metastasis of 
a testicular choriocarcinoma. Of patients with a testicular 
choriocarcinoma, the tumor marker of human chorionic 
gonadotropin is almost always elevated [2]. The first 
metastatic site of a right testicular malignancy is usually to 
the aortocaval lymph node and a left testicular malignancy to 
the left para-aortic lymph node. 


9.19 Testicular Lymphoma 


Case 38 


Fig. 9.49 
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Fig.9.49 (continued) 


Scrotal ultrasound (US) and computed tomography 
(CT) show imaging features of a 69-year-old man with 
systemic lymphoma presenting with right testicular 
mass. Figure 9.48, right scrotal longitudinal US shows 
an ill-defined hypoechoic mass (arrow) infiltrating in 
the right testis. Figure 9.49a, unenhanced axial CT 
image of the right scrotal area shows enlargement of 
the right testis with homogenous density (arrow). 
There is small amount of fluid in the right scrotal sac 
representing the hydrocele (arrowhead). Figure 9.49b, 
enhanced axial CT image at the renal level shows a 
large soft tissue mass, right medial to the abdominal 
aorta. The inferior vena cava could not be recognized 
on this image. Figure 9.49c, enhanced axial CT image 
of the SI joint level shows abnormal enlarged lymph 
node (arrow) at the right external iliac area. 
Figure 9.49d, enhanced axial CT image of inguinal 
area shows an enlarged lymph node (arrow) at the right 
inguinal area. Figure 9.49e, enhanced axial CT image 
of the right scrotal area shows mild hydrocele (arrow- 
head) and heterogeneous enhancement of the right tes- 
tis (arrow), representing tumor involvement. 


Case 39 


Scrotal ultrasound (US) and computed tomography 
(CT) show imaging features of a 68-year-old man hav- 
ing primary lymphoma in the right testis. Figure 9.50, 
US of longitudinal scan of the right testis shows a well- 
defined and predominantly hypoechoic mass (arrow) 
inside the right testis. There is a higher echogenic part 
in the central region of the mass. Figure 9.51, enhanced 
CT image at the renal level shows no definite abnor- 
mally enlarged lymph nodes at retrocaval and para- 
aortic areas. There is also absence of enlarged lymph 
nodes of the mediastinum, pelvic cavity, and inguinal 
areas (not shown). 


9.20 Varicocele 
Key Diagnostic Features 


Testicular lymphoma could be a part of systemic lymphoma 
with testicular involvement or primary testicular lymphoma 
without evidence of lymphoma at other sites and organs. 
Unlike other testicular malignancies, testicular lymphomas 
occur in men of older ages. Testicular lymphomas account 
about one-fourth of all testicular neoplasms in patients older 
than 50 years and are the most common neoplasm in patients 
older than 60 years old [2]. Bilateral testicular lymphomas are 
found in about 50 % of patients [2]. For patients with known 
systemic lymphoma, the diagnosis of testicular involvement 
is straightforward by the known history. Nonetheless, for 
lymphoma patients having unilateral or bilateral testicular 
masses as first presentation, the diagnosis of testicular lym- 
phoma could be difficult to establish by images alone. It is 
because of the difficulty of differentiating testicular lympho- 
mas from other neoplasms by imaging findings of the tumor 
itself on US, computed tomography (CT), and magnetic reso- 
nance imaging (MRI). On US, testicular lymphomas could 
present as either a well-defined mass or infiltrative lesion 
replacing normal testicular tissue without a distinct margin. 
This is common in testicular lymphomas with intratumoral 
necrosis or hemorrhage. CT and MRI could detect lymph 
nodes or other organ involvement by systemic lymphoma. 
Despite the difficulties of differentiating lymphoma from 
other testicular neoplasms, testicular lymphomas should be 
listed into the list of differential diagnosis, when the patient 
with palpable testicular mass is older than 50 years old. 
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9.20 Varicocele 


Case 40 


Fig.9.52 


Scrotal ultrasound (US) shows imaging finding of right 
varicoceles. Figure 9.52a, right scrotal US of longitu- 
dinal scan shows enlarged veins (arrows) superior to 
the right testis (not shown). Figure 9.52b, right scrotal 
US of longitudinal scan shows minimal flow (arrow- 
head) in the dilated veins (arrows). 
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Case 41 


Scrotal ultrasound (US) and computed tomography 
(CT) images shows imaging features of left varico- 
celes. Figure 9.53a, left scrotal US of longitudinal scan 
shows multiple dilated vascular structures (arrow- 
heads) at the supra-testicular area. Figure 9.53b, left 
scrotal US of longitudinal scan shows moderate flow 
(arrowheads) in these dilated vessels. Figure 9.54, 
enhanced coronal CT image shows dilated and tortu- 
ous vessels (arrowhead) in the left scrotum. 


Key Diagnostic Features 


Varicocele is the most common vascular lesion of the scro- 
tum [8]. It is the dilatation of the veins in the pampiniform 
plexus [9]. Varicocele is related with male infertility [9]. 
Ultrasound is the most commonly used imaging modality for 
diagnosing varicoceles [9]. Varicocele appears as dilated 
veins with diameters of more than 2-3 mm on ultrasound. 
Standing position or Valsalva maneuver of the patient usu- 
ally further increases the vascular diameters of varicoceles. 
Computed tomography is less sensitive in detecting varico- 
celes unless the veins are markedly dilated. Magnetic reso- 
nance imaging is seldom used and indicated for detecting 
varicoceles. 
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9.21 Paratesticular Liposarcoma 


Case 42 


Fig.9.55 


Scrotal ultrasound (US) and computed tomography (CT) 
images show characteristics of a left paratesticular well- 
differentiated liposarcoma. Figure 9.55a, left scrotal US 
of longitudinal scan shows a large heterogeneous echo- 
genicity mass (arrows) outside the left testis (arrowhead). 
Figure 9.55b, left scrotal US of longitudinal scan shows 
this heterogeneous mass (arrows) with some hyperechoic 
parts and shadowing. Figure 9.56a, unenhanced axial CT 
image at the scrotal level shows a left scrotal tumor 
(arrow) with fatty (arrowhead) and soft tissue density 
parts. Figure 9.56b, enhanced axial CT image at the scro- 
tal level shows this fatty tumor (arrow) with contrast 


enhancement of soft tissue part. Figure 9.56c, enhanced 
coronal CT image at the scrotal level shows this fatty 
tumor (arrow) occupying the upper two-thirds of the left 
scrotal space. The left testis (arrowhead) is displaced 
inferiorly to the left scrotal base. Figure 9.56d, enhanced 
sagittal CT image at the left scrotal level shows several 
calcified foci (arrowheads) in this extra-testicular fatty 
mass (arrow). Histological examination of surgical speci- 
men ofleft radical orchiectomy shows a well-differentiated 
liposarcoma from the left spermatic cord without invasion 
in the left testis and epididymis. 


9 MaleReproductive System: Prostate Gland, Seminal Vesicles, and Scrotum 


Fig. 9.56 


9.21 Paratesticular Liposarcoma 433 


Case 43 


Fig.9.57 


Fig.9.58 
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Scrotal ultrasound (US) and computed tomography 
(CT) images show imaging features of a right parates- 
ticular de-differentiated liposarcoma. Figure 9.57a, 
right testicular US of longitudinal scan shows normal 
appearance of the right testis. Figure 9.57b, right scro- 
tal US of longitudinal scan shows some vascularity 
(arrowheads) in a heterogeneous echogenicity mass in 
the right scrotum. Figure 9.58a, unenhanced axial CT 
image of scrotal level shows a low density mass 
(arrow) in the right scrotum. Figure 9.58b, enhanced 
axial CT image of scrotal level shows mild contrast 
enhancement of this mass (arrow). Figure 9.58c, 
enhanced coronal image shows this low density mass 
(arrow) displacing right testis (arrowhead) inferiorly. 
No definite fatty density is identifiable in this tumor. 
Histological examination of surgical specimen of right 
radical orchiectomy shows right paratesticular liposar- 
coma of de-differentiated histological type without 
tumor involvement in the right testis, epididymis, and 
spermatic cord. 
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Key Diagnostic Features 


Paratesticular liposarcoma is a rare tumor. Ultrasound (US) 
is able to localize its location at the paratesticular region 
rather than the testis area. Paratesticular liposarcoma usually 
appears as an ill-defined mass with heterogeneous echo- 
genicity on US. The detection of fat in the tumor on images 
may lead to the diagnosis of a lipoma or liposarcoma. On CT, 
fat has negative value less than —10 Hounsfield units. On 
MRI, fat appears as high signal intensity on both T1- and 
T2-weighted images and has signal drop on fat-suppressed 
or out-of-phase images. On the other hand, a liposarcoma 
may have no grossly detectable fat density on CT or 
MRI. Generally speaking, a lipoma or well-differentiated 
liposarcoma is more likely to have detectable intratumoral 
fat on CT and MRI. The main purpose of images in this situ- 
ation is to localize its paratesticular location and staging 
rather than make a diagnosis of liposarcoma or its histologi- 
cal subtype (e.g., myxoid or de-differentiated liposarcoma). 
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Case 44 
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Case 45 
Magnetic resonance imaging (MRI) shows imaging 
features of bilateral inguinal hernias. Figure 9.59a, 
sagittal T2-weighted image (T2WI) MRI at right 
inguinal canal level shows obvious herniation of mes- 
enteric fat into the right inguinal canal (arrow) via the 
right internal inguinal ring (arrowheads). Figure 9.59b, 
sagittal T2WI MRI at the left inguinal canal level 
shows mesenteric fat in the left inguinal canal (arrow). 
Note the wide opening of the left internal inguinal ring 
(arrowheads). Figure 9.59c, axial T1-weighted image 
(TIWI) MRI shows the entrance points of bilateral 
inguinal hernias into right (arrow) and left (arrow- 
head) proximal  inguinal canals, respectively. 
Figure 9.59d, axial T2WI MRI shows mesenteric fat 
herniation into the right inguinal canal (arrow); unen- 
hanced axial CT image shows more obvious mesen- 
teric fat herniation in the right inguinal canal (arrow) 
than the left one (arrowhead). 


Fig. 9.60 
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Case 46 


Fig.9.60 (continued) 


Computed tomography shows imaging finding of right 
inguinal hernia. Figure , unenhanced coronal CT 
image shows bowel loop (arrowhead) herniation Fig. 9.61 
through the right internal inguinal ring (arrow) into the 

right inguinal canal. No bowel obstruction is seen. 

There are gall bladder stones. Figure , unen- 

hanced axial CT at mid-prostate level shows bowel 

loops (arrow) at the entrance of the right internal 

inguinal ring. Enlargement of the prostate gland is 

depicted as well. Figure c, unenhanced axial CT at 

inguinal canal shows bowel loops (arrow) in the right 

inguinal canal. 


438 9 MaleReproductive System: Prostate Gland, Seminal Vesicles, and Scrotum 


Fig.9.61 (continued) 


Computed tomography (CT) images show imaging fea- 
tures of left inguinal hernia. Figure 9.61a, enhanced coro- 
nal CT image shows left inguinal hernia to the left scrotal 
base (arrowhead). Note the wide opening of the neck 
(arrow) of the left inguinal hernia. Figure 9.61b, unen- 
hanced axial CT image at the seminal vesicle level shows 
mesenteric fat (arrow) herniated through abnormal wid- 
ening of left internal inguinal ring. Figure 9.61c, unen- 
hanced axial CT image shows mesenteric fat (arrow) in 
enlarged left scrotal sac due to inguinal hernia. 


Key Diagnostic Features 


Inguinal hernias are common [9]. It could be an incidental 
finding on images if they have subclinical presentations or no 
complications. Inguinal hernias could be diagnosed without 
difficulty by recognizing enlarged inguinal canals with herni- 
ated structures most commonly mesenteric fat, or bowel 
loops on ultrasound, computed tomography (CT), or mag- 
netic resonance imaging (MRI). Bowel loop herniation into 
inguinal canals may complicate with ischemic bowel diseases 
or bowel obstruction. Therefore, when inguinal hernias are 
recognized on images, it is important to check for the pres- 
ence or absence of related complications, especially of bowel 
loops. The most common type of inguinal hernias is indirect 
inguinal hernia through the internal inguinal ring to the ingui- 
nal canal which may accompany with herniation into the ipsi- 
lateral scrotum. The ipsilateral internal inguinal ring becomes 
abnibrnally widened by the presence of inguinal hernia, 
which makes a clear distinction from normal situations. 
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9.23  Penile Carcinoma Case 48 


Case 47 


Fig.9.62 


Computed tomography (CT) image shows imaging 
finding of penile carcinoma. Figure , enhanced 
axial CT image at the penis level shows ulceration 
(arrowhead) of the penis. The presence of ulceration 
hints the presence of penile carcinoma. Nonetheless, 
the local extent of penile cancer could not be clearly 
visualized on this CT study. Histological examination 
of excision of the penile tumor reveals an ulcerated 
tumor of 2 cm of squamous cell carcinoma from the 
glans penis. 


Fig. 9.63 
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9.24 Fournier's Gangrene 
Computed tomography (CT) image shows inguinal 
lymph node metastasis in a patient with penile squa- Case 49 
mous cell carcinoma. Unenhanced axial (Fig. 9.632), 
enhanced axial (Fig. 9.63b), and enhanced coronal 
(Fig. 9.63c) CT images at the inguinal level show 
enlargement of the right inguinal lymph node (arrows) 
with moderate enhancement, indicating lymph node 
metastasis. The penile carcinoma itself is poorly visu- 
alized on this CT study (not shown). 


Key Diagnostic Features 


Penile carcinoma is a rare tumor [10]. The common histo- 
logical type is squamous cell carcinoma. The primary pur- 
pose of computed tomography in penile carcinoma patients 
is for detecting its lymphatic spread. Penile carcinomas usu- 
ally have lymph node metastasis at the ipsilateral inguinal 
area first, followed by contralateral inguinal, internal iliac, 
and external iliac areas [10]. The detection and extent of 
penile carcinoma itself could be difficult on CT unless ulcer- 
ation, bulky mass, or involvement to the adjacent anatomical 
structures of penile carcinomas occurs. 


Fig.9.64 


Computed tomography (CT) images show imag- 
ing finding of Fournier's gangrene in a male adult. 
Figure 9.64a, axial enhanced CT image shows air col- 
lection (arrow) and cystic area (arrowhead) at perianal 
and perineum area, as necrosis and abscess formation. 
Figure 9.64b, axial enhanced CT image shows mas- 
sive air collection (arrow) and dirty fat (arrowhead) in 
the perineum and left upper scrotal area. Figure 9.64c, 
axial enhanced CT shows right scrotum full of air 
(arrow) with wall edema (arrowhead). 
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Case 50 


Fig.9.65 


Computed tomography (CT) images show imaging 
finding of a female patient with Fournier's gangrene. 
Figure 9 , coronal scout image of CT shows abnor- 
mal air collection (arrow) at the right perineum area. 
Figure € , coronal unenhanced CT image at the 
anterior pelvic wall level shows subcutaneous emphy- 
sema (arrow) extending from the right perineum to the 
right lower pelvic wall. Figure € , coronal unen- 
hanced CT image at the urinary bladder level shows 
swelling of the right perineum with abnormal air col- 
lection (arrow) at the subcutaneous area. Figure € F 
axial unenhanced CT image at the anus level shows 
abnormal air collections (arrows), located right lateral 
to the anus (black arrowhead) and in the right perineum 
with adjacent dirty fat. There is a skin defect (white 
arrowhead) at right back. 


441 


Key Diagnostic Features 


Fournier’s gangrene is named for necrotizing fasciitis involv- 
ing the scrotum, penis, or the perineum [11, 12]. Fournier's 
gangrene is more common in males than in females [11, 12]. 
Necrotizing fasciitis results in necrosis and gangrene of the 
infected area; thus, it usually presents as an abnormal air col- 
lection in the subcutaneous area on images. Fournier's gan- 
grene is associated with diabetes mellitus and alcohol abuse 
[11, 12]. The origin of Fournier's gangrene usually comes 
from local skin, the urinary tract, or anorectal lesions [12]. 
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10.1 Uterine Prolapse 


Case 1 


Fig. 10.1 
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10.2 Uterine Myomas 


Case 2 


Fig. 10.2 


Excretory urography (EU) shows imaging findings of a 
calcified uterine myoma. Figure 10.2, magnification 
view of the pelvic cavity shows a calcified mass 
(arrow) with indentation effect on the urinary bladder 
Fig. 10.1 (continued) dome, consistent with a uterine myoma. 


Computed tomography (CT) shows imaging findings of 
uterine prolapse in a 75-year-old female. Figure 10.1a, 
sagittal enhanced CT shows a protruding sac (arrow) 
from the pelvic cavity to the perineum due to underly- 
ing severe pelvic floor laxity. There is prolapsed uterus 
(arrowhead) at the posterior part of the sac. Cystocele 
is present anterior to the prolapsed uterus. Figure 10.1b, 
coronal enhanced CT shows the uterus (arrow) pro- 
lapsed into the perineal sac simulating male scrotal sac 
appearance. Figure 10.1c, axial enhanced CT at the 
symphysis pubis level shows absence of the uterus and 
urinary bladder at the lower pelvic cavity. Instead, only 
small bowel loops and the rectum are visualized. 
Figure 10.1d, axial enhanced CT at the perineal sac 
level shows a prolapsed uterus (arrow) posterior to the 
cystocele (arrowhead) in the perineal sac. 


Key Diagnostic Features 


Uterine prolapse occurs due to pelvic floor laxity which is most 
commonly seen in multiparous women of old age. Concurrent 
uterine prolapse and cystocele are common by their similar 
underlying etiology. On images, uterine prolapse is diagnosed 
by identifying a prolapsed uterus into the perineal area rather 
than the normal uterine fossa location. 
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Case 3 Case 4 


Figure 10.4, ultrasound (US) of the uterus shows a 
well-defined hypoechoic mass (arrow) in the myome- 
trium of the uterus. 


Fig. 10.3 


Computed tomography (CT) shows imaging features 
of auterine myoma of subserosal location. Figure 10.3a, 
unenhanced axial CT image shows enlarged uterus size 
(arrow). Figure 10.3b, enhanced axial CT image shows 
a large uterine myoma (arrow) of predominant homo- 
geneous enhancement but less than that of normal 
myometrium. The presence of this uterine myoma 
accounts for enlarged uterine size. Figure 10.3c, 
enhanced coronal CT image shows this uterine myoma 
(arrow) protruding externally from the uterine body 
(arrowhead). 
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Case 5 Case 6 


Fig. 10.5 


Figure 10.5, axial T2-weighted image (T2WI) of mag- 
netic resonance imaging (MRI) shows a homogeneous 
low signal intensity and well-demarcated mass (arrow) 
within the uterine body. Another small uterine myoma 
(arrowhead) has identical imaging features. 


Fig. 10.6 


10.3 Adenomyosis 


Magnetic resonance imaging (MRI) shows imaging 
findings of a uterine myoma with submucosal location. 
Unenhanced axial Tl-weighted image on MRI 
(Fig. 10.6a) shows faint visualization of the uterine 
myoma (arrow) due to its isointensity to the normal 
uterine myoma. Unenhanced axial (Fig. 10.6b), coro- 
nal (Fig. 10.6c), and sagittal (Fig. 10.6d) T2-weighted 
images on MRI show clearly visualization of the uter- 
ine myoma (arrows). This myoma has heterogeneous 
signal intensity on MRI due to degenerative change. 


Key Diagnostic Features 


Uterine myomas are located in the myometrium of the uterus. 
Uterine myomas could be categorized by their locations as 
submucosal, intramural, and subserosal myomas [1]. Sub- 
mucosal myomas protrude internally and cause deformed 
uterine cavity. Subserosal myomas protrude externally with 
a resultant lobulated uterine surface. On images, uterine 
myomas are diagnosed by confirmation of their anatomical 
locations as well-defined masses within the myometrium and 
their typical imaging findings as well as the presence or 
absence of calcifications and degenerations within the 
tumors. Ultrasound is usually the first-line imaging modality 
for uterine myomas [1]. On ultrasound, a uterine myoma 
usually presents as a hypoechoic or heterogeneous mass of 
round or oval shape relative to the normal myometrium [1]. 
In the absence of calcifications and degeneration of uterine 
myomas, they show similar density to that of normal uterine 
myometrium on unenhanced computed tomography (CT) 
and homogeneously hypodense to the uterus on enhanced 
CT. Calcification is a specific sign of uterine myomas but 
only found in 10 % of patients [2]. Plain radiographs of the 
kidney, ureter, and bladder, excretory urography, or CT could 
detect a calcified uterine myoma by its typical calcified pat- 
tern and anatomical location. On MRI, T2-weighted images 
are most useful for demonstrating uterine myomas which are 
typically shown as homogeneous low signal intensity masses 
[1, 2]. Uterine myomas are usually well-defined masses on 
MRI. Uterine myomas with degenerative changes show het- 
erogeneous density on CT and heterogeneous signal inten- 
sity on MRI [2]. 


447 
10.3 Adenomyosis 


Case 7 


Fig. 10.7 


Fig. 10.8 


Ultrasound (US) and magnetic resonance imaging 
(MRI) illustrate imaging findings of adenomyosis. 
Figure 10.7, ultrasound of the uterus shows a mass 
lesion (arrow) at the uterine cervix. Figure 10.8a, axial 
T1-weighted image of MRI shows an isointensity mass 
lesion at the anterior lip of the uterine cervix. A small 
hyperintense focus (arrowhead) in the mass is noted. 
Figure 10.8b, axial T2-weighted image of MRI shows 
this uterine cervix mass with hyperintense foci (white 
arrowhead) at the same site as that of Fig. 10.8a, rep- 
resenting hemorrhage. Other hyperintense foci (black 
arrowheads) in the mass represents endometrial tissue. 
Figure 10.8c, sagittal T2-weighted image shows ill- 
defined appearance of this mass (arrow). 
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Key Diagnostic Features 


Adenomyosis is defined as the presence of ectopic endo- 
metrial tissue in the myometrium. Adenomyosis is cate- 
gorized into diffuse and focal forms. Focal adenomyosis 
shows imaging finding of a uterine mass on ultrasound, 
which could be indistinguishable from uterine myomas. 
Diffuse adenomyosis results in uterine enlargement with 
thickened transitional zone more than 12 mm as shown on 
T2-weighted image of MRI [1]. Focal adenomyosis shows 
a uterine mass with an ill-defined border relative to normal 
uterine tissue, which contains some small hyperintense 
foci on T2WI, representing hemorrhage or endometrial 
tissue [1]. 


10.4 Uterine Leiomyosarcomas 


10.4 Uterine Leiomyosarcomas 


Case 8 
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Fig. 10.10 (continued) 


Fig. 10.11 


10.5 Endometrial Carcinoma 


Ultrasound (US) and computed tomography (CT) 
studies before and after surgery show imaging findings 
of a uterine leiomyosarcoma. Figure 10.9a, uterine US 
shows a large uterine mass (M1) with heterogeneous 
echogenicity. Figure 10.9b, uterine US shows two cys- 
tic areas (arrowheads) in this uterine mass (arrow) 
which compress the endometrial cavity. Figure 10.102, 
CT scout image shows a large space-occupying lesion 
(arrows) at the lower abdominal and pelvic cavity. 
Figure 10.10b, coronal enhanced CT image shows a 
large uterine mass (arrow) with both solid and cystic 
(arrowhead) parts, located superior to the urinary blad- 
der. Figure 10.10c, sagittal enhanced CT image shows 
the uterine mass (white arrow) compressing the uri- 
nary bladder (black arrow). There are solid, cystic 
(white arrowhead), and calcified (black arrowhead) 
parts in this huge mass. Figure 10.10d, axial enhanced 
CT image shows heterogeneous density of this uterine 
mass (white arrow) by the presence of cystic (white 
arrowheads), calcified (black arrowheads), and solid 
parts. Histological examination of surgical specimens 
of hysterectomy reveals a uterine leiomyosarcoma. 
Figure 10.11a, enhanced axial image of follow-up CT 
18 months after hysterectomy shows metastatic leio- 
myosarcoma occupying nearly the whole upper pelvic 
cavity with the involvement of the small bowel loop 
(arrowhead) and the descending colon (arrow). 
Figure 10.11b, enhanced axial CT, 3 cm caudal to 
Fig. 10.11a, shows an abnormal nodule (arrowhead) in 
the midline of the subcutaneous area and bilateral 
adnexal mixed cystic and solid masses (arrow), consis- 
tent in metastasis. 


Key Diagnostic Features 


Uterine leiomyosarcoma is an uncommon uterine malig- 
nancy. Uterine leiomyosarcomas could not be reliably dif- 
ferentiated from leiomyomas with degenerative changes by 
imaging features on ultrasound (US), computed tomography 
(CT), or magnetic resonance image (MRI). However, CT 
could assess metastasis from a uterine leiomyosarcoma [1]. 
On MRI, a uterine mass in the myometrium presenting as 
huge size and with heterogeneous signal intensity and hem- 
orrhage and necrosis should alert the readers of the possibil- 
ity of a uterine leiomyosarcoma [2]. A close follow-up of the 
patients by images is necessary because the diagnosis of a 
uterine leiomyosarcoma is sometimes established after 
occurrence of metastasis. It is because of the difficulty of 
establishing histological diagnosis to some uterine leiomyo- 
sarcomas at the time of myomectomy or hysterectomy and 
some leiomyomas undergoing malignant transformation. 
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10.5 Endometrial Carcinoma 


Case 9 


Fig. 10.12 


Magnetic resonance imaging (MRI) shows imaging 
findings of myometrium and cervix invasion by endo- 
metrial carcinoma. Unenhanced sagittal (Fig. 10.12a) 
and axial (Fig. 10.12b) axial T2-weighted images 
show mass lesions (arrows) of intermediate signal 
intensity in the uterine cavity. Myometrial invasion 
(black arrowheads) is depicted by tumor signal inten- 
sity in the inner part of the myometrium contiguous to 
the endometrial masses with irregular interface. The 
endometrial tumor invades the uterine cervix showing 
a focal intermediate signal mass (white arrowheads) 
replacing normal low signal intensity of uterine cervix 
stroma. 
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EM TRANS VIEW | 


Fig. 10.13 


Transvaginal ultrasound and magnetic resonance 
imaging (MRI) show imaging findings of a patient 
with endometrial carcinoma confined in the endome- 
trium. Transvaginal ultrasound (Fig. ) shows 
abnormal thickening of the endometrium (arrow) with 
heterogeneous echogenicity. Unenhanced axial 
Tl-weighted image (Fig. 1C ) of MRI shows 
enlarged uterus with no clear visualization of the 
tumor. Unenhanced axial T2-weighted image 
(Fig. ) of MRI shows irregular masses of inter- 
mediate signal intensity (arrow) in the endometrial 
cavity, consistent with endometrial carcinoma. 
Enhanced axial Tl-weighted fat-suppressed image 
(Fig. ) of MRI shows heterogeneous enhance- 
ment of the endometrial tumor (arrow), less than that 
of normal myometrium. Note the preservation of myo- 
metrium thickness at the interface of the endometrial 
tumor suggests no myometrial invasion, which is 
proved by subsequent histological examination of hys- 
terectomy specimen. 


Fig. 10.14 


10.5 Endometrial Carcinoma 


Case 11 
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Fig. 10.15 


Computed tomography (CT) shows imaging findings of 
advanced endometrial carcinoma with lymph node 
metastases. Unenhanced (Fig. 10.15a) and enhanced 
(Fig. 10.15b) axial CT images at the uterus level show 
enhancing soft tissue mass in the uterine cavity (arrow), 
consistent with endometrial carcinoma, which is not con- 
spicuous before contrast medium administration. 
Enhanced axial CT image at the renal level (Fig. 10.15c) 
and coronal image (Fig. 10.15d) show abnormally 
enlarged lymph nodes at the para-aortic (white arrow- 
heads) and aortocaval (black arrowhead) areas, respec- 
tively, representing lymph node metastases by the 
endometrial carcinoma (arrow). 


Key Diagnostic Features 


Imaging provides preoperative staging and helps select treat- 
ment planning for endometrial carcinomas [3]. Endometrial 
carcinoma is a common malignant tumor of the uterus [3]. 
The diagnosis of endometrial carcinoma basically relies on 
histological examination, and its most common histological 
type is endometrioid type [3]. Magnetic resonance imaging 
(MRI) is the most accurate for staging of endometrial cancers. 


MRI could evaluate the presence and depth of myometrial 
invasion as well as cervical invasion by endometrial cancer 
[3]. Irregular interface between endometrial carcinoma and 
adjacent myometrium indicates myometrial invasion [3]. 
Unenhanced T2-weighted image and enhanced dynamic 
images on T1-weighted fat-suppressed images are most valu- 
able in assessing myometrial invasion [3]. The uterine cervix 
stroma loses its normal low signal intensity and is replaced by 
intermediate signal intensity mass suggesting uterine cervix 
invasion by endometrial carcinoma [3]. Transvaginal ultra- 
sound is usually the first-line imaging tool for evaluating 
patients with clinical suspicion of endometrial carcinomas, 
who usually present with postmenopausal vaginal bleeding 
[3]. Endometrial thickness of 5 mm on transvaginal ultra- 
sound has been proposed as an imaging criterion for diagnos- 
ing endometrial carcinomas [3]. However, MRI has better 
performance for evaluating myometrial invasion by endome- 
trial carcinomas than transvaginal ultrasound [3]. The use of 
computed tomography (CT) should be reserved for advanced 
endometrial cancers [3]. It is because CT has poor perfor- 
mance in assessing myometrial and uterine cervix invasion by 
endometrial cancer [3]. However, CT could diagnose bladder 
invasion, pelvic wall invasion, lymph node metastasis of the 
abdomen and pelvic cavity, or distant organ metastasis by 
endometrial carcinomas [3]. 
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10.6 Uterine Lymphoma 


Case 12 
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Fig. 10.16 


Magnetic resonance imaging (MRI) shows imaging 
findings of a primary uterine lymphoma. Unenhanced 
axial T1-weighted image of MRI (Fig. 10.16a) shows a 
homogeneously low signal intensity mass (arrow) of 
the uterine corpus. Unenhanced axial T2-weighted 
image of MRI (Fig. 10.16b) shows homogeneous inter- 
mediate signal intensity of this uterine mass (arrow). 
Enhanced axial Tl-weighted fat-suppressed image 
(Fig. 10.16c) of MRI shows obvious and homogeneous 
contrast enhancement of this mass (arrow). Biopsy of 
this uterine mass shows diffuse large B cell lymphoma. 


Key Diagnostic Features 


Uterine lymphoma involves the uterine corpus more fre- 
quently than the uterine cervix [3]. Uterine lymphoma typi- 
cally shows homogeneous signal intensity on magnetic 
resonance imaging (MRI) and homogeneous density on 
computed tomography (CT). Uterine lymphoma usually 
does not have tumor necrosis before treatment [3]. On MRI, 
uterine lymphomas typically show low signal intensity on 
T1-weighted image and intermediate to high signal intensity 
on T2-weighted image [3]. 
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10.7 Cervical Carcinoma 


Case 13 


Fig. 10.17 


Magnetic resonance imaging (MRI) shows imaging findings 
of a cervical carcinoma of squamous cell carcinoma con- 
fined in the uterine cervix. Unenhanced axial T1-weighted 
image on MRI (Fig. 10.17a) shows enlarged uterine cervix 
without visible abnormal signal intensity mass. Unenhanced 
sagittal T2-weighted image on MRI (Fig. 10.17b) shows a 
mass (arrow) of intermediate signal intensity in the anterior 
lip of the uterine cervix. Unenhanced axial T2-weighted 


image on MRI (Fig. 10.17c) shows this mass (arrow) having 
nearly full-thickness involvement of the cervical stroma. 
Enhanced axial T1-weighted fat-suppressed image on MRI 
shows homogeneous enhancement of the tumor (arrow) 
which appears hyperintense to normal cervical stroma. The 
circumferential low signal intensity surrounding the tumor 
represents the remaining normal cervical stroma and sug- 
gests tumor confinement in the uterine cervix. 
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Case 14 


Fig. 10.18 


Computed tomography (CT) shows imaging findings of 
an adenosquamous cell carcinoma of the uterine cervix 
with bilateral hydronephrosis. Enhanced axial CT image 
at uterine cervix level (Fig. 10.182) shows a dilated right 
distal ureter (arrowhead) with contrast opacification, 
which is adjacent to an abnormally enlarged uterine cer- 
vix (arrow). Enhanced axial CT image at the kidney level 


(Fig. 10.18b) shows right hydronephrosis (white arrow) 
with contrast opacification as well as left hydronephrosis 
(black arrow) and left hydroureter (black arrowhead) 
without contrast opacification. Cervical carcinoma with 
bilateral hydronephrosis (stage IIIB) is impressed on CT 
which is proved by subsequent biopsy of the uterine 
cervix. 


10.7 Cervical Carcinoma 


Case 15 


Fig. 10.19 


Magnetic resonance imaging (MRI) shows small cell 
carcinoma of the uterine cervix with advanced stage. 
Unenhanced axial T2-weighted image at the uterine cer- 
vix level (Fig. 10.19a) shows a uterine cervix tumor pre- 
senting as a large tumor (white arrow) with direct 
invasion to the posterior wall (black arrowhead) of the 
urinary bladder. An abnormal lymph node (black arrow) 
at the right parametrial area is also depicted. Unenhanced 
axial T2-weighted image (Fig. 10.19b) and apparent dif- 
fusion coefficient (ADC) (Fig. 10.19c) at low uterine 
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body level show tumor involvement of the uterine body 
(white arrow), diffuse tumor involvement (black arrow- 
heads) of the urinary bladder, and tumor seeding (black 
arrow) in cul-de-sac. The tumor invades to the right para- 
metrial area with right hydroureter (white arrowhead). 
Unenhanced sagittal T2-weighted image (Fig. 10.19d) 
shows the uterine cervical tumor (white arrow) extending 
to the low uterine body (white arrowhead) and vagina 
(black arrowheads) as well as peritoneum (black arrow) 
with massive ascites. 


458 


Key Diagnostic Features 


Imaging plays an important role for detection and staging of 
cervical carcinomas which help in selecting appropriate 
treatments according to their stages. Squamous cell carci- 
noma is the most common histological subtype of cervical 
carcinoma [4]. The histological subtypes of cervical carcino- 
mas could not be differentiated by imaging alone [4]. 
Computed tomography and ultrasound are only useful for 
visualization of cervical carcinomas of large sizes or wide 
extents [4]. CT staging for cervical carcinomas is only useful 
for evaluating presence or absence of hydronephrosis/hydro- 
ureter and pelvic wall invasion rather than showing the tumor 
itself [4]. Magnetic resonance imaging (MRI) is highly accu- 
rate in diagnosing cervical carcinoma and assessing its extent 
[4]. Cervical carcinomas show intermediate signal intensity 
and higher to low signal intensity of normal cervical stroma 
on T2-weighted images of MRI [4], which allows accurate 
detection of the tumor. On the other hand, cervical carcino- 
mas are typically isointense to normal cervical stroma on 
T1-weighted images [4], which hinders its detection. After 
contrast medium administration, cervical carcinomas have 
higher contrast enhancement than normal cervical stroma 
[4]. Cervical carcinomas show low signal intensity on appar- 
ent diffusion coefficient (ADC) by its water restriction nature 
[4]. MRI is the most accurate imaging tool for preoperative 
staging of cervical carcinomas [4]. MRI could delineate the 
presence or absence of parametrial invasion, bladder inva- 
sion, rectal invasion, as well as full thickness of cervical 
stroma invasion [4]. Overall, MRI is the most commonly 
used imaging tool with high accuracy for detection and stag- 
ing of cervical carcinomas. 
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10.8 Ovarian Endometrioma 


Case 16 


Fig. 10.20 


LT MASS 


10.8 Ovarian Endometrioma 


Fig. 10.21 


Transvaginal ultrasound and computed tomography 
(CT) show bilateral ovarian endometriomas. Transvaginal 
ultrasound of right adnexal area (Fig. 10.20a) shows a 
bilocular cystic mass (arrows) of anechoic appearances 
in the right ovary. Transvaginal ultrasound of the left 
adnexal area (Fig. 10.20b) shows a mass (arrow) of 
mixed echogenicity with layering appearance (arrow- 
head) in the left ovary, suggestive of the presence of 
hemorrhage. Unenhanced (Fig. 10.21a) and enhanced 
(Fig. 10.21b) axial CT images at the pelvic cavity show 
a cystic mass of near water density in the right ovary 
(white arrow) and a hemorrhagic cystic mass in the left 
ovary (black arrow). Both ovarian masses have no inter- 
nal contrast medium enhancements. Bilateral ovarian 
endometriomas are validated after surgery and histologi- 
cal examinations of surgical specimens of bilateral 
ovarian masses. 
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Key Diagnostic Features 


Ovarian endometriosis is defined as the presence of endome- 
trial tissue not in the uterus but in ovaries with resultant forma- 
tion of ovarian endometriomas [5]. Hemorrhage is a common 
finding in an ovarian endometrioma, and rupture is occasion- 
ally seen [5]. The presence of hemorrhage in an ovarian endo- 
metrioma is responsible for the variable appearances of 
ovarian endometriomas on ultrasound, computed tomography, 
and magnetic resonance imaging. On ultrasound, ovarian 
endometriomas usually appear as unilocular or multilocular 
cystic masses with low echogenicity. Ovarian endometriomas 
may appear as anechoic cyst or even solid mass on ultrasound 
[5]. On computed tomography (CT), ovarian endometriomas 
may appear as unilocular or multilocular cystic masses of 
water density. In the presence of hemorrhage of an ovarian 
endometrioma, a high density lesion without internal contrast 
enhancement or a cystic lesion with fluid-fluid layering could 
be seen. On magnetic resonance imaging, the signal intensities 
of cystic lesions of ovarian endometriomas vary according to 
the stage of hemorrhage. Of early subacute hemorrhage (intra- 
cellular methemoglobin stage) in an ovarian endometrioma, it 
appears as high signal intensity on Tl-weighted image and 
low signal intensity on T2-weighted image [5]. Of chronic 
hematoma (hemosiderin stage) in an ovarian endometrioma, it 
appears as low signal intensities on both T1- and T2-weighted 
images [5]. Ovarian endometriosis may cause fibrotic adhe- 
sion of the adjacent structures and result in hydrosalpinx [5]. 
In summary, ovary endometriosis may involve unilateral and 
bilateral ovaries, and the basic imaging findings of ovarian 
endometriomas are cystic lesions of unilocular or multilocu- 
lar appearances which have densities, echogenicity, or sig- 
nal intensities comparable with water or variable stages of 
hemorrhage. 


Main Differential Diagnoses 


1. Ovarian hemorrhage cyst 

Ovarian hemorrhage cyst could be indistinguishable from 
an ovarian endometrioma with hemorrhage if the latter 
appears as a unilocular cystic mass with hemorrhage [5]. 
Nonetheless, a follow-up ultrasound is helpful for their 
differentiations [5]. Ovarian hemorrhageic cyst by a fol- 
licular or corpus luteum cyst usually resolves in 1-2 men- 
strual cycles [5], and ovarian endometrioma does not. 
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10.9 Paraovarian Cyst 


Case 17 


Ultrasound and computed tomography (CT) show 
imaging findings of a right paraovarian cyst. Ultrasound 
(Fig. 10.22) shows an anechoic lesion (arrow) anterior 
to the normal right ovary (arrowhead). Enhanced axial 
CT (Fig. 10.23) shows a cystic lesion (arrow) anterior 
to the uterus. The right ovary (arrowhead) is noted at 
the right ovarian fossa and separated from this cystic 
lesion. Surgical findings and histological examinations 
validate this cystic lesion as a right paraovarian cyst. 


Key Diagnostic Features 


Paraovarian cysts could mimic simple cyst of the right ovary 
by its close anatomical locations to the ovary and similar uni- 
locular pure cyst appearance on images [5]. Nonetheless, the 
imaging diagnosis of paraovarian cysts could be confidently 
made if the ipsilateral ovary is seen and separated from the 
visualized cystic lesion [5]. This diagnostic principle could 
be applied to ultrasound and computed tomography as well 
as magnetic resonance imaging (MRI). Therefore, when an 
adnexal unilocular cystic lesion is identified along with nor- 
mal ipsilateral ovary, a paraovarian cyst is most likely rather 
than ovarian simple cysts. 


Fig. 10.23 


10.10 Tubo-ovarian Abscess and Pyosalpinx 


10.10 Tubo-ovarian Abscess and Pyosalpinx 


Case 18 


Fig. 10.24 


Computed tomography (CT) shows bilateral tubo-ovar- 
jan abscess and pyosalpinx in a woman presenting with 
fever and abdominal pain. Unenhanced (Fig. 10.242) 
and enhanced (Fig. 10.24b) axial CT images at the 
uterus level show cystic masses (arrows) of bilateral 
adnexal areas. There are some ascites in the cul-de-sac. 
Enhanced axial CT image at upper pelvic cavity shows 
cystic lesions of tubular appearances (arrows) with 
adjacent dirty fat (arrowheads), suggestive of bilateral 
pyosalpinx. 
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Key Diagnostic Features 


Tubo-ovarian abscess and pyosalpinx occur alone or together 
in women with pelvic inflammatory diseases [5]. Tubo-ovarian 
abscess usually presents as unilocular or multilocular cystic 
masses with thickened walls and internal debris or pus on 
images [5]. Therefore, on sonography, these cystic masses 
appear as anechoic and the internal debris or pus may show as 
echoic materials inside the masses [5]. On enhanced computed 
tomography (CT) and magnetic resonance image (MRI), the 
walls of tubo-ovarian abscesses show typically strong enhance- 
ment [5]. Tubo-ovarian abscess could have variable signal 
intensities from low to high signal intensities on Tl-weighted 
image depending on its debris or pus content [5]. A pyosalpinx 
is a dilated fallopian tube containing pus or debris. On images, 
a dilated fallopian tube shows a typical dilated and tortuous 
tubular structure in adnexal area [5]. Similar to that of tubo- 
ovarian abscess, the wall of a pyosalpinx typically shows strong 
enhancement after contrast medium administration on CT and 
MRI [5]. Dirty fat at adjacent areas of tubo-ovarian abscesses 
or pyosalpinx is a common associated finding on CT or MRI. 


Main Differential Diagnosis 


1. Endometriosis for tubo-ovarian abscess 
Endometriosis could have similar pictures as unilocular 
or multilocular cystic masses as those of tubo-ovarian 
abscess [5]. However, patients with tubo-ovarian abscess 
typically present with fever in addition to abdominal pain 
[5]. There is usually no difficulty to make a correct diag- 
nosis of tubo-ovarian abscess if the clinical condition has 
been correlated [5]. 

2. Hydrosalpinx and hematosalpinx for pyosalpinx 
Hydrosalpinx and hematosalpinx show a dilated fallo- 
pian tube similar to that of a pyosalpinx. The differ- 
ences among  hydrosalpinx, hematosalpinx, and 
pyosalpinx are their contents. Therefore, hydrosalpinx 
shows imaging findings consistent to water content on 
sonography, CT, and MRI. The diagnosis of hematosal- 
pinx on CT and MRI relies on the detection of hema- 
toma density or signal intensities depending on the 
stages of the hematoma. Furthermore, a pyosalpinx 
typically shows strong wall enhancement and hydrosal- 
pinx/hematosalpinx do not. 


462 10 Female Reproductive System 


10.11 Ovarian Serous and Mucinous 
Cystadenomas 


Case 19 


Computed tomography (CT) shows imaging findings 
of a serous cystadenoma of the right ovary. Enhanced 
axial CT image at the pelvic cavity (Fig. 10.25a) 
shows a large cystic mass (arrow) in the anterior pel- 
vic cavity, contiguous to the right round ligament 
(arrowhead). Enhanced axial CT at the abdominal 
cavity (Fig. 10.25b) shows this large cystic mass 
(arrow) extending to the right anterior abdominal 
cavity. There is neither septum nor enhancing solid 
parts within this cystic mass. A serous cystadenoma 
is impressed on CT, which is subsequently validated 
by histological examination of surgical specimen of 
this mass. 


Fig. 10.25 


10.11 Ovarian Serous and Mucinous Cystadenomas 


Case 20 


Fig. 10.26 


Computed tomography shows imaging features of a 
mucous cystadenoma in the left ovary. Enhanced axial 
CT image of the pelvic cavity (Fig. 10.26a) shows a 
multiloculated cystic mass (arrow) in the anterior pel- 
vic cavity. Enhanced axial CT image of the abdominal 
cavity (Fig. 10.26b) shows this mass (arrow) extend- 
ing to the right lower abdominal cavity. There are mul- 
tiple septa within this cystic mass. Histological 
examination of surgical specimen of this mass reveals 
a mucinous cystadenoma. 


Key Diagnostic Features 


Ovarian cystadenomas are categorized into serous and muci- 
nous cystadenomas histologically. Both types of ovarian 
cystadenomas appear as anechoic cystic masses with smooth 
wall and no papillary projections and no solid parts on ultra- 
sound [5]. Serous cystadenomas typically show unilocular 
mass without septum, and mucinous cystadenomas show 
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multilocular masses with multiple thin septa [5]. On com- 
puted tomography (CT), serous and mucinous cystadenomas 
typically show masses of water density without internal 
enhancement except notable wall or septal enhancements. 
On magnetic resonance imaging (MRI), similar wall or sep- 
tal enhancement could be depicted of ovarian cystadenomas 
after contrast medium administration. The signal intensities 
of cystic loculus of mucinous cystadenomas are variable 
depending on mucin contents and Tl- or T2-weighted 
images. Ovarian cystadenomas could have a giant size 
despite its benign nature. The lack of irregular thickened 
wall or septa as well as solid mass part of an ovarian cystad- 
enoma on images implies its benign nature. 
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10.12 Ovarian Mature Cystic Teratoma 


Case 21 


Ultrasound and computed tomography (CT) show 
imaging findings of a left ovarian mature cystic tera- 
toma. Ultrasound (Fig. 10.27) shows a left adnexal 
mass (arrow) of mixed echogenicity with anechoic and 
hyperechoic parts. Enhanced coronal (Fig. 10.282) and 
sagittal (Fig. 10.28b) CT images at the pelvic cavity 
show a left adnexal mass with fatty (white arrows), 
cystic (black arrowheads), and calcified (white arrow- 
heads) parts, diagnostic of an ovarian mature cystic 
teratoma. 


Fig. 10.27 


Fig. 10.28 


10.12. Ovarian Mature Cystic Teratoma 


Case 22 


Fig. 10.29 


Computed tomography (CT) shows imaging character- 
istics of an ovarian mature cystic teratoma. Enhanced 
axial CT images at the pelvic cavity (Fig. 10.29a, b) 
show fat-fluid layering (black arrowheads) and wall 
calcification (white arrowhead) in an ovarian mature 
cystic teratoma. 
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Key Diagnostic Features 


Ovarian mature cystic teratomas are characterized by the 
presence of fat (found in 93 96) or calcifications (found in 
56 96) on images [6]. Thus, identification of both fat and 
calcifications in an ovarian mass on images makes the diag- 
nosis of ovarian mature teratoma with confidence [6]. 
Another important imaging characteristic of ovarian mature 
cystic teratoma is fat in a cystic ovarian mass (found in 
293 % of cases) [7]. On ultrasound, ovarian mature cystic 
teratomas have nonspecific imaging findings as masses of 
variable echogenicity by variable components of fat, calcifi- 
cations, sebaceous materials, hair, and fluids [7]. Ovarian 
mature cystic teratoma varies from a purely cystic mass to 
nearly entire solid or mixed cystic and solid mass on ultra- 
sound [7]. The most typical finding of ovarian mature cystic 
teratomas on ultrasound is echogenic nodular protrusion 
(i.e., histologically Rokitansky nodule) in an anechoic cystic 
mass [7]. Computed tomography (CT) is highly sensitive for 
the detection of ovarian mature teratomas [7]. On CT, ovar- 
ian mature cystic teratomas could be confidently diagnosed 
of adnexal masses by the coexistence of fat and calcification, 
presence of fat-fluid layering, or identification of fat in a cys- 
tic mass [5, 7]. Ovarian mature cystic teratomas could usu- 
ally be diagnosed by magnetic resonance imaging (MRI) by 
detection of fat [7]. On MRI, the fat part of ovarian mature 
teratomas appears as high signal intensities on both 
T1-weighted and T2-weighted images [5]. The presence of 
faton MRI could be confirmed by signal drop on T1-weighted 
fat-suppressed images which enables its difference from 
acute hematoma (methemoglobin stage) [5]. In summary, 
ovarian cystic teratomas could be usually detected by ultra- 
sound which serves as a first-line imaging modality, and both 
CT and MRI are useful for achieving correct diagnosis of 
ovarian mature cystic teratomas by their imaging 
characteristics. 


466 10 Female Reproductive System 


10.13 Ovarian Carcinoma Case 24 


Case 23 


Fig. 10.30 


Computed tomography (CT) shows imaging findings 
of an ovarian carcinoma. Enhanced axial CT image at 
the pelvic cavity (Fig. ) shows a mixed tumor 
(arrow) with cystic and obvious solid parts (arrow- 
heads), consistent with ovarian carcinoma. Ascites in 
pelvic peritoneal cavity is depicted. Enhanced axial 
CT at the abdominal cavity (Fig. ) shows reticu- 
lar and nodular patterns of the omentum representing 
tumor seeding. 


Fig. 10.31 


10.13 Ovarian Carcinoma 


Magnetic resonance imaging (MRI) shows imaging 
features of an ovarian carcinoma. Unenhanced axial 
Tl- (Fig. 10.31a) and T2-weighted (Fig. 10.31b) 
images as well as enhanced sagittal T1-weighted fat- 
suppressed image (Fig. 10.31c) show an ovarian carci- 
noma presenting as a high signal intensity mass on 
T1-weighted image (arrow, Fig. 10.31a) and loculated 
cystic mass with septum on T2-weighted image 
(arrow, Fig. 10.31b) with conspicuous enhancing solid 
part on enhanced T1-weighted fat-suppressed image 
(arrow, Fig. 10.31c). Ascites are noted in the cul-de- 
sac. There are peritoneal seedings (arrowheads), which 
are more conspicuous on T2-weighed image and post- 
contrast image. Unenhanced axial T2-weighted image 
of the liver (Fig. 10.31d) shows subcapsular liver 
metastasis (arrowhead) with liver surface scalloping 
appearance. 


Key Diagnostic Features 


Images are usually used for detection and staging of ovarian 
carcinomas. Ovarian carcinomas usually present as cystic 
masses with solid papillary projections or solid mass parts 
on images. Because ovarian carcinomas usually present with 
advanced stages, it is important to detect their extents, stages, 
and metastasis for subsequent treatment selection and prog- 
nostic evaluation as well. Of advanced stages of ovarian 
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carcinomas, peritoneal dissemination is a common finding, 
and the omentum is the most common site of peritoneal dis- 
semination [8]. Ultrasound is the first-line imaging modality 
for detection of ovarian masses [8]. On ultrasound, malig- 
nant ovarian mass is suggested by a large size, the presence 
of solid part, wall, or septal thickening 23 mm of the mass 
itself as well as associated findings of the presence of ascites 
and peritoneal nodules [5]. However, ultrasound is not as 
accurate as computed tomography (CT) and magnetic reso- 
nance imaging for staging of ovarian carcinomas [8]. 
Computed tomography (CT) is the most commonly used tool 
for ovarian carcinoma staging for its wide availability, low 
cost, and large coverage of the abdomen and pelvis [5, 8]. 
Contrast-enhanced CT is necessary for staging of ovarian 
carcinomas by contrast-enhanced natures of solid parts in 
ovarian carcinomas, peritoneal seedings, and lymphadenop- 
athy as well as distant organ metastasis [8]. Magnetic reso- 
nance imaging (MRI) serves as a problem-solving tool for 
indeterminate cases; however, MRI is very accurate for ovar- 
ian carcinomas as well [5, 8]. Similar to CT, contrast- 
enhanced studies for MRI should apply for ovarian carcinoma 
staging by improved conspicuity of ovarian masses and their 
extents [8]. On the other hand, the recent introduction of 
apparent diffusion coefficient (ADC), an unenhanced pulse 
sequence, could also increase the ability of detecting meta- 
static lesions and peritoneal seedings of ovarian carcinomas 
on MRI [8]. Therefore, the role of images for ovarian carci- 
nomas is not only to provide supportive diagnostic evidence 
but also to accurately define their extents and staging. 
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10.14 Krukenberg Tumor 


Case 25 


Fig. 10.32 


Computed tomography (CT) shows imaging character- 
istics of bilateral Krukenberg tumors in a colon cancer 
patient. Enhanced axial CT images at the pelvic cavity 
(Fig. 10.32a, b) show mixed cystic and solid masses 
(arrows) in both ovaries as Krukenberg tumors. Tumor 
seeding to the omentum (arrowhead) is also depicted. 
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Key Diagnostic Features 


Krukenberg tumors are ovarian metastasis from malignant 
tumors of other sites, most commonly from the colon or 
stomach [5]. Krukenberg tumors in both ovaries are more 
common than one ovary metastasis [9]. On computed 
tomography (CT), Krukenberg tumors usually appear as 
mixed solid and cystic tumors with enhancement of their 
solid parts [9]. However, Krukenberg tumors may appear as 
pure cystic or solid tumors as well. The solid parts of 
Krukenberg tumors on CT usually have strong enhance- 
ment. At the time of ovary metastasis from other primary 
malignant sites, omental and peritoneal tumor seedings 
without or with ascites could be present as well [5]. On 
MRI, Krukenberg tumors show variable signal intensity 
from low to high signal intensity on T2-weighted image [5]. 
However, the solid part of Krukenberg also shows conspicu- 
ous enhancement on MRI [5]. It could be difficult to differ- 
entiate primary ovarian malignancy from Krukenberg 
tumors by imaging findings of ovarian tumors alone [10]. 
The identification of other malignant tumors on CT or MRI, 
especially of the colon and stomach, provides supportive 
evidence of Krukenberg tumors [10]. 
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10.15 Bartholin Cyst 


Case 26 


Fig. 10.33 


Key Diagnostic Features 
Magnetic resonance imaging (MRI) shows imaging 
findings of a Bartholin cyst. Unenhanced axial The most common cyst of the vulva is Bartholin cyst [11]. 
Tl-weighted image of MRI (Fig. 10.33a) shows a Because of the presence of protein content within a Bartholin 
well-defined high signal intensity lesion (arrow) of cyst, it appears as variable signal intensity on T1-weighted 
oval shape of left labia. Unenhanced axial T2-weighted images and high signal intensity on T2-weighted image of 
image of MRI (Fig. 10.33b) shows homogeneous high magnetic resonance imaging (MRI) [11]. By its cystic nature, 


signal intensity of this mass lesion (arrow). Enhanced no contrast enhancement and well-defined appearances are 
axial T1-weighted fat-suppressed image (Fig. 10.33c) typical findings of a Bartholin cyst [11]. Since Bartholin cyst 
of MRI shows no obvious contrast enhancement of this is a benign lesion, it shows no water restriction on apparent 
mass (arrow). Apparent diffusion coefficient map of diffusion coefficient of MRI. 


MRI (Fig. 10.33d) shows no water restriction of this 
mass (arrow). All these imaging findings on MRI sug- 
gest the diagnosis of Bartholin cyst. 
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10.16 Vaginal Melanoma 


Case 27 


Fig. 10.34 


Magnetic resonance imaging shows imaging findings 
of vaginal melanoma. Unenhanced axial T1-weighted 
(Fig. 1C ) on MRI shows a tumor in the vagina 
with a predominant high signal intensity area (arrow). 
Unenhanced axial T2-weighted image (Fig. ) 
on MRI shows this vagina tumor with low signal 
intensity (arrow) of its lateral part and high signal 
intensity at its medial part. Apparent diffusion coeffi- 
cient map (Fig. ) shows low signal intensity of 
this tumor representing water restriction. Enhanced 
axial T1-weighted fat-suppressed image (Fig. ) 
on MRI shows heterogeneous enhancement of this 
vaginal tumor. The vagina tumor has extravaginal 
invasion and abuts the urethra. Histological examina- 
tion of the resected tumor reveals a vagina melanoma 
with melanin pigment. 


Key Diagnostic Features 


Vagina melanoma has characteristic signal intensity on MRI 
by its melanin content. Melanin has paramagnetic effect 
[11]. Therefore, vagina melanoma typically shows high sig- 
nal intensity on T1-weighted image (T1WI) and low signal 
intensity on T2-weighted image (T2WI) by the presence of 
melanin pigment [11]. Vaginal melanomas with hemorrhage 
usually show high signal intensity on TIWI as well [11]. 
Vaginal melanomas without melanin pigment (amelanotic 
melanoma) show low signal intensity on TIWI and T2WI. A 
vaginal tumor shows typical signal intensities suggesting 
melanin presence could suggest the diagnosis of vaginal 
melanoma. 


10.17 Vulval Carcinoma 


10.17 Vulval Carcinoma 


Fig. 10.35 


Magnetic resonance imaging shows imaging findings of 
a vulval carcinoma. Unenhanced axial T2-weighted 
image of MRI (Fig. 10.35a) shows a vulval carcinoma 
(arrow) with intermediate signal intensity at the labia 
majora. Enhanced axial Tl-weighted fat-suppressed 
image on MRI (Fig. 10.35b) shows heterogeneous 
enhancement of this tumor. There is no lymph node 
metastases detected on this MRI. 
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Key Diagnostic Features 


Imaging studies of vulval carcinomas are usually used for 
detection of lymph node metastasis and assessing anatomical 
relationship to the adjacent structures for predicting its sur- 
vival and preoperative planning [11]. Inguinal lymph nodes 
are the first sites of lymph node metastases in vulval carcino- 
mas [11]. Magnetic resonance imaging (MRI) is much better 
than computed tomography (CT) for demonstrating the pri- 
mary tumor lesion of vulval carcinoma due to its better con- 
trast resolution. On MRI, vulvar carcinomas appear as low 
signal intensity on T1-weighted image and intermediate to 
high signal intensity on T2-weighted image [11]. After con- 
trast medium administration, vulvar carcinomas may have 
heterogeneous enhancement in the presence of tumor necro- 
sis. Small or plaque-like vulvar carcinomas could be unde- 
tectable on MRI; however, there is no difficulty in clinical 
assessment of vulvar carcinoma due to its superficial loca- 
tions [11]. 
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Injury, Post-interventional Disease, 
and Blunt Trauma 


11.1 Ketamine Cystitis 


Case 1 


Fig. 11.1 


L.-J. Wang, Key Diagnostic Features in Uroradiology: A Case-Based Guide, 
DOI 10.1007/978-3-319-08777-1 11, © Springer International Publishing Switzerland 2015 
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Computed tomography urography (CTU) shows uri- 
nary tract findings of a patient with ketamine abuse. 
Coronal enhanced CTU (Fig. 11.1a) shows mild 
right hydronephrosis and obvious hydroureter 
(arrow). Axial enhanced CTU (Fig. 11.1b) at SI 
joint level shows obvious dilatation of the right mid- 
dle ureter (arrow). Axial (Fig. 11.1c) and coronal 
(Fig. 11.1d) CTU images at urinary bladder level 
show obvious wall thickening (arrowheads) of the 
urinary bladder. Note the small size of the urinary 
bladder. 


11 Injury, Post-interventional Disease, and Blunt Trauma 
Key Diagnostic Features 


Ketamine abuse would cause interstitial cystitis [1], which on 
images are characterized by wall thickening of a very small- 
sized bladder. The patients with ketamine cystitis usually 
present with urgency, frequency, and dysuria, which is related 
with decreased bladder capacity [1]. Some patients with ket- 
amine abuse may have unilateral or bilateral hydronephrosis 
or hydroureter in addition to cystitis [1]. Although a history 
of ketamine abuse is necessary to make a diagnosis, cystitis in 
a young adult or teenager is very unusual, and a high suspi- 
cion of ketamine-induced urological diseases should be 
raised especially in negative result of urine culture. 
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11.2 FlankHerniation After Nephrectomy 


Case 2 


Fig. 11.2 


Computed tomography (CT) shows imaging findings 
of fat and colon herniation at the left flank after left 
nephrectomy. Enhanced renal CT image (Fig. ) 
shows a left renal solid tumor (arrow). Left nephrec- 
tomy was done and a renal oncocytoma is diagnosed 
on histological examination. Axial (Fig. ) and 
coronal (Fig. )images on enhanced follow-up CT 
9 months after left nephrectomy show absence of left 
kidney in the left renal fossa due to left nephrectomy. 
Instead, small bowel loops and descending colon 
occupy the left renal fossa. Furthermore, left retroperi- 
toneal fat (arrows) and descending colon (arrowheads) 
herniate through weakened wall of the left posterior 
flank. 


Key Diagnostic Features 


Flank herniation after nephrectomy is occasionally seen on 
images. It occurs as flank wall weakness after nephrectomy 
via retroperitoneal approach. Typically, retroperitoneal fat 
would herniate through the weakened flank wall area. By 
comparing the wall contour of the normal side, flank hernia- 
tion on images could be easily identified. Sometimes, adja- 
cent bowel loops also herniate though the weakened flank 


wall. Fig. 11.3 
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11.3 ColocutaneousFistula After 
Nephrectomy 


Case 3 


Fig. 11.4 


Fistulography and computed tomography (CT) show 
imaging findings of colocutaneous fistula of a patient 
who has undergone left nephrectomy for emphysema- 
tous pyelonephritis. Fistulography (Fig. 11.4) via a 
tube (arrows) inserted in the left flank shows opacifica- 
tion of the descending and sigmoid colon, suggestive 
of colocutaneous fistula. Contiguous enhanced coronal 
CT images (Fig. 11.5a, b) show a fistula tract (arrow- 
heads) from the left flank skin to the descending colon. 
Note absence of the left kidney in the left retroperito- 
neum consistent with left nephrectomy. 


11 Injury, Post-interventional Disease, and Blunt Trauma 


Fig. 11.5 


Key Diagnostic Features 


Colocutaneous fistula after  nephrectomy is rare. 
Fistulography is useful to confirm communication of the 
skin and the colon. CT usually could detect the skin defect 
caused by a colocutaneous fistula; however, it is sometimes 
difficult to make sure of the colonic communication to the 
skin defect on CT. 


11.4 Urothelial Carcinomas of the Ureteral Stump 


11.4 Urothelial Carcinomas 


of the Ureteral Stump 


Case 4 


Fig. 11.6 


Computed tomography (CT) shows a urothelial carci- 
noma of the left ureteral stump. Figure 11.6a, enhanced 
coronal CT image of excretory phase shows abnormal 
soft tissue density of the left ureteral stump (arrow) 
extending to the left ureterovesical junction (UVJ). 
Absence of the left kidney in the left renal fossa is consis- 
tent with prior surgery of left nephroureterectomy. 
Figure 11.6b, unenhanced axial CT image shows a soft 
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tissue nodule in the left distal ureter near the left 
UVJ. Figure 11.6c, enhanced axial CT image of arterial 
phase shows enhancement of the left ureteral stump with 
thickened wall appearance (arrow). Figure 11.6d, 
enhanced axial CT image of excretory phase shows 
abnormally enlarged size of the left ureteral stump, con- 
sistent with ureteral stump cancer, which is proved by 
subsequent surgery with histological evidence. 
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Fig. 11.7 


Magnetic resonance imaging (MRI) shows a left ure- 
teral stump cancer after left nephroureterectomy. 
Figure 11.7a, unenhanced coronal T2-weighted image 
(T2WI) of MRI shows an abnormally enlarged left 
ureteral stump (arrow). Figure 11.7b, unenhanced 
axial T1-weighted image (TI WI) of MRI shows the 
left distal ureteral stump appearing as a soft tissue 
mass (arrow). Figure 11.7c, unenhanced axial 
T2-weighted image of MRI, of 1 cm cranial to 
Fig. 11.7b level, shows intermediate signal intensity of 
the left distal ureteral stump mass (arrow), represent- 
ing a neoplasm rather than a calculus. Histological 
examination of the surgical specimen of the left ure- 
teral stump reveals a urothelial carcinoma. 


Key Diagnostic Features 


Urothelial carcinomas of the ureteral stump occur in the 
residual ureteral stump after nephroureterectomy. The stan- 
dard surgery for urothelial carcinomas of the upper renal 
tract is nephroureterectomy with bladder cuff excision. 
However, the most distal part of the ureter to ureterovesical 
junction (UVJ) might remain unremoved by technical limita- 
tions hindering bladder cuff excisions. The remaining part of 
the ureter is called ureteral stump. The ability of tracing the 
ureteral stump on images is fundamental for diagnosing ure- 
teral stump cancer, which could be traced from the UVJ to 
the remaining distal ureteral segment. On computed tomog- 
raphy or magnetic resonance image, urothelial carcinomas 
of the ureteral stump could be diagnosed by identifying 
abnormal enlargement of the ureteral stump occupied by a 
soft tissue mass with contrast enhancement. 
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11.5 RenalSubcapsular Hematoma After Case 7 
Extracorporeal Shock Wave 
Lithotripsy (ESWL) 


Case 6 


Fig. 11.8 Unenhanced (Fig. 11.92) and enhanced (Fig. ) axial 
CT images show a chronic subcapsular hematoma 
(arrowheads) with adjacent fibrosis. The left kidney 

) (arrows) is deformed and atrophic in appearance. The 

patient underwent ESWL 5 years ago, and left renal sub- 

capsular hematoma is shown on several follow-up CT 
studies, including this one. 


Contiguous unenhanced renal CT images (Fig. 
of a patient undergoing ESWL for left renal stones 1 
week ago show a large hematoma (arrows) of the left 
subcapsular space. The left kidney (arrowhead) is 
anteriorly displaced and stretched by the hematoma. 
There are residual stones in the left kidney showing 
high densities. 


480 11 Injury, Post-interventional Disease, and Blunt Trauma 


Case 8 11.6 Renal Vascular Injury After Surgery 
or Intervention 


Case 9 


Fig. 11.10 


Unenhanced computed tomography (Fig. 0) after 
ESWL for left renal stone shows high density acute 
hematoma (arrow) of left subcapsular space with mass 
effect deforming left renal contour (arrowheads). 


Key Diagnostic Features 


Renal subcapsular hematoma is a complication of ESWL 
[2]. It typically appears as a lenticular shape lesion with 
obvious mass effect on the adjacent renal parenchyma by a 
tight renal capsule. The ipsilateral kidney could be displaced 
by the hematoma; however, the compressed, deformed, and 
depressed renal parenchyma adjacent to the hematoma is 
conspicuous. Sometimes, subcapsular hematoma could 
cause hypertension by hemodynamic changes of ipsilateral 
kidney, which is called page kidney. Chronic subcapsular 
hematoma usually accompanies adjacent fibrosis and ipsilat- 
eral renal atrophy. 


Fig. 11.11 


11.6 Renal Vascular Injury After Surgery or Intervention 


Case 10 
Renal arteriography and transcatheter arterial embo- 
lization for the right renal artery were undertaken for 
a patient who has undergone renal bisection for stag- 
horn stone. Right renal arteriography (Fig. 11.11a) 
shows an abnormal contrast medium pooling (arrow) 
at the right renal lower pole. Right renal arteriogra- 
phy with superselective catheterization of the bleed- 
ing vessel (Fig. 11.11b) shows obvious contrast 
extravasation (arrow). Right renal arteriography after 
embolization (Fig. 11.11c) shows disappearance of 
contrast pooling after embolization by coils (arrow- 
head) in the bleeding vessel. 


Fig. 11.12 


Left renal arteriography (Fig. 11.12a) shows a pseudoa- 
neurysm (arrow) at the left renal pole with early opaci- 
fication of the left renal vein (arrowhead), indicating the 
presence of left arteriovenous fistula (AVF). Left renal 
arteriography with superselective catheterization of the 
left renal lower polar artery (Fig. 11.12b) shows direct 
and immediate opacification of the left renal vein 
(arrowheads) via left renal AVF and pseudoaneurysm 
(arrow). Left renal arteriography after embolization 
(Fig. 11.12c) shows no more opacification of pseudoan- 
eurysm and AVF as well as absence of early opacifica- 
tion on the left renal vein. Coils (arrow) are deployed in 
the left renal lower polar artery for embolization. The 
patient has undergone right partial nephrectomy for a 
renal cell carcinoma before left renal arteriography. 
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Case 11 


Fig. 11.13 


Computed tomography angiography (CTA) and renal 
arteriography of allograft kidney show an arteriove- 
nous fistula of allograft kidney after renal biopsy. 
CTA of allograft kidney (Fig. ) shows an AVF 
(arrow) presenting as parallel enhancing vessels 
(double tram sign). Renal arteriography of the 
allograft kidney (Fig. 1 ) shows opacification of 
early drainage vein (arrowheads) connecting to a 
renal arterial branch (arrow), suggestive of renal 
AVF. Renal arteriography of allograft kidney at | s 
later after Fig. a (Fig. ) shows early 
opacification of the main renal vein (black arrow) of 
the allograft kidney due to the presence of AVF (white 
arrow). 
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Fig. 11.14 


Key Diagnostic Features 


Iatrogenic renal vascular injury could occur following percu- 
taneous procedures such as percutaneous nephrostomy and 
renal biopsy or surgery including nephrectomy, partial 
nephrectomy, renal bisection, etc. [3, 4]. The iatrogenic renal 
vascular injury could present as renal arterial pseudoaneu- 
rysms, arteriovenous fistula (AVF), contrast medium extrav- 
asation, or even arteriocalyceal fistula [3, 4]. On renal 
angiography and computed tomography angiography, a renal 
arterial pseudoaneurysm shows a contrast medium pooling 
supplied by a renal artery which has delayed washout. Renal 
AVF could occur alone or in the presence of renal pseudoan- 
eurysm. The presence of renal AVF on renal angiography is 
evidence by the presence of early drainage vein connecting 
the supplying renal arterial branch, and the ipsilateral main 
renal vein is also earlier opacified accordingly. Contrast 
extravasation on renal arteriography shows contrast medium 
flowing out the supplying artery and usually shows an irregu- 
larly shaped contrast pooling. Transcatheter arterial emboli- 
zation could stop renal bleeding with successful clinical 
outcomes for patients with iatrogenic vascular injury [4]. 
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11.7 Urine Leakage from Renal Collecting 
System After Renal Surgery 


Case 12 


Fig. 11.15 


Left retrograde pyelography (RP) shows imaging finding renal stone (arrowhead) and drainage tubes (arrow) at the 
of contrast extravasation from the left renal collecting left abdomen. Left RP (Fig. 11.15b) shows contrast opaci- 
system in a patient after renal bisection for left renal stag- fication of the left renal collecting system and left perire- 
horn stone. Baseline radiography of left RP before con- nal area (arrowhead), suggestive of urine extravasation 
trast medium injection (Fig. 11.15a) shows residual left from the left renal collecting system after surgery. 
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Case 13 


Fig. 11.16 
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Coronal CTU image (Fig. 11.162) shows urine leakage 
from left renal lower pole to left perirenal area (arrow), 
evidenced by opacified contrast medium extravasation 
at excretory phase. Axial CTU image of wide window 
(Fig. 11.16b) shows conspicuous contrast leakage to 
left posterior perirenal area (arrow). 


Key Diagnostic Features 


The diagnosis of urine leakage from renal collecting system 
after renal surgery is usually straightforward. On retrograde 
pyelography (RP), the renal collecting system is normally 
opacified by contrast medium injection via the inserted ure- 
teral stenting. If there is contrast opacification beyond the 
renal collecting system, urine leakage is suggested. On com- 
puted tomography (CT), excretory phase is usually neces- 
sary for confirmation urine leakage from the collecting 
system after contrast medium opacification. On the other 
hand, CT on arterial or nephrographic phase could be unable 
to make a diagnosis of urine leakage by the inability of 
confirmation of perinephric fluid being urine origin. Ureteral 
stenting and percutaneous nephrostomy have been com- 
monly used for treatment of urine leakage from renal collect- 
ing system after surgery [5]. 
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11.8 latrogenic Ureteral Trauma 


Case 14 


Fig. 11.17 


Excretory urography (EU) and computed tomography 
urography (CTU) show imaging finding of urine leak- 
age from the left distal ureter of a patient who has just 
undergone hysterectomy. Excretory urography at 
30 min after contrast medium administration 
(Fig. 11.17) shows left hydronephrosis (arrow) and an 
oval-shaped contrast pooling area (arrowhead) of the 
left pelvic cavity. CTU of coronal reformatted image 
(Fig. 11.18a) shows similar left hydronephrosis Fig. 11.18 
(arrow) and contrast pooling (arrowhead) contiguous 

to the left distal ureter. Axial image of CTU 

(Fig. 11.18b) shows contrast leakage from the left dis- 

tal ureter (arrowhead) which forms a urinoma (arrow) 

with contrast-fluid layering. 
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Case 15 


Fig. 11.19 
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Left retrograde pyelography (RP) (Fig. 11.19) shows 
contrast extravasation (arrow) along the left middle 
ureter with irregular profile due to left ureteral trauma 
during the procedure of ureteral stent insertion. 


Key Diagnostic Features 


Ureteral injury usually resulted from iatrogenic causes, most 
commonly by gynecological or colorectal surgery [6]. 
Occasionally, ureteral injury occurs during urological proce- 
dures [7]. Excretory urography (EU) and retrograde pyelog- 
raphy (RP) have been traditionally used to diagnose ureteral 
injury [7]. On RP and EU, contrast extravasation from the 
ureter has shown if there is ureteral wall defect in iatrogenic 
trauma. Computed tomography urography (CTU) could 
show imaging signs of ureteral rupture as well, which may 
include contrast extravasation from the ureter, hydronephro- 
sis, urinoma formation, and hydroureter proximal to ureteral 
injury site. Transection or ligation of the ureter could be 
resulted from iatrogenic ureteral injury, too. In these cases, 
hydronephrosis with proximal hydroureter with complete 
nonvisualization of the ureter distal to the injury site is the 
main finding. 
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11.9 Stone of Allograft Ureter 


Case 16 


Antegrade pyelography (AP) of the renal allograft 
(Fig. ) shows oval-shaped filling defect (arrow) 
of the allograft ureter. Unenhanced (Fig. ) and 
enhanced excretory phase (Fig. ) computed 
tomography (CT show a high density stone (arrow- 
heads), which is evidenced as in the opacified allograft 
ureter (arrow) on excretory phase of enhanced CT. 


Key Diagnostic Features 


Stone of allograft ureter is uncommon. On excretory urogra- 
phy (EU) and retrograde pyelography (RP), ureteral stone 
could appear as a filling defect of round or oval shape if it is 
detectable by sufficient size and radiopaque density. 
Unenhanced computed tomography (CT) is the most accu- 
rate for detecting ureteral stone of their high density. If there 
is uncertainty of the high density foci in the ureter or trans- 
plant ureter, enhanced CT of excretory phase is useful for 
localization and confirmation. 


Fig. 11.20 


Fig. 11.21 
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11.10 Bladder Rupture After Transurethral 
Resection of the Bladder Tumor 
(TURBT) 


Case 17 


Fig. 11.22 


Computed tomography (CT) shows imaging findings 
of  extraperitoneal bladder rupture after 
TURBT. Unenhanced CT (Fig. a) shows a wall 
defect (arrowhead) of the left lateral wall of the uri- 
nary bladder. There is fluid and air collection (arrow) 
at the left anterior pelvic cavity near the urinary blad- 
der. Enhanced CT of excretory phase (Fig. ) 
shows extravasation of opacified urine from the uri- 
nary bladder to the left anterior pelvic cavity (arrow) 
through the bladder wall defect (arrowhead). 
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Case 18 


Fig. 11.23 


Enhanced CT images of excretory phase on axial 
(Fig. ) and coronal (Fig. 3b) scans show 
contrast medium extravasation (arrows) from the left 
lateral wall of the urinary bladder to perivesical space. 
Note the dirty fat (arrowhead) in the left perivesical 
area close to the bladder rupture site. 


Key Diagnostic Features 


Bladder rupture after TURBT is an uncommon complication 
[8]. Most of them are extraperitoneal rupture of the urinary 
bladder [8]. Bladder rupture is diagnosed on cystography, 
computed tomography (CT) of excretory phase, or computed 
tomography cystography (CT cystography) by contrast 
extravasation from the urinary bladder. Sometimes, the wall 
defect responsible for bladder rupture could be seen on com- 
puted tomography. Among cystography, CT of excretory 
phase and CT cystography, CT cystography has the best 
accuracy for diagnosing bladder rupture by combination of 
pros of cystography as direct contrast medium injection into 
the urinary bladder cavity and CT as a cross-sectional imag- 
ing modality with better sensitivity to detect small contrast 
medium extravasation from the urinary bladder. 


11.11 Irradiation Cystitis 


11.11 Irradiation Cystitis 


Case 19 


Fig. 11.24 
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Excretory urography (EU) and computed tomography 
(CT) illustrate imaging findings of irradiation cystitis. 
Excretory urography at 30 min after contrast medium 
administration (Fig. 1) shows a small urinary blad- 
der (arrow). Unenhanced (Fig. a) and enhanced 
(Fig. 11.25b) CT show obvious wall thickening (arrows) 
of the small urinary bladder. All these imaging findings 
on EU and CT are consistent with irradiation cystitis. 


Key Diagnostic Features 


Irradiation cystitis on images is characterized by a small and 
spastic urinary bladder with thickened wall [9]. On excretory 
urography (EU), cystography, and computed tomography 
(CT), the urinary bladder is usually of small size with oval 
shape and wall thickening. On CT, the wall thickening could 
be smooth or irregular in appearance and sometimes calci- 
fied in severe chronic irradiation cystitis [9]. Decreased com- 
pliance of irradiation cystitis is another imaging feature, 
which shows persistently small sizes of the urinary bladder 
on EU, cystography, and CT [9]. Sometimes, fistula develops 
between a urinary bladder with irradiation cystitis and adja- 
cent organs such as colon or ileum [9, 10]. On magnetic reso- 
nance imaging (MRI), acute irradiation cystitis could appear 
as high signal intensity mucosa on T2-weighted image [9]. 
On the other hand, thickened urinary bladder wall is the main 
finding of chronic irradiation cystitis on MRI [9, 10]. 


Fig. 11.25 
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11.12 Urinary Stones in lleal Conduit 


Case 20 


Fig. 11.26 
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Loopogram and computed tomography (CT) show uri- 
nary stones in the ileal conduit and left kidney. Baseline 
radiography of loopogram (Fig. 11.26a) shows large 
radiopaque stones (arrow) at the right upper pelvic 
cavity. Loopogram after intraluminal contrast medium 
administration (Fig. 11.26b) shows contrast medium 
opacification in the ileal loop obscuring stones. Note 
retrograde filling of both ureters and renal collecting 
systems. Unenhanced axial CT image at the renal level 
(Fig. 11.272) shows a left renal stone (arrowhead) and 
right hydronephrosis (arrow). Unenhanced axial CT 
image at pelvic cavity level (Fig. 11.27b) shows high 
density stone (arrow) in the ileal conduit. 


Key Diagnostic Features 


Urinary diversions by ileal conduit or continent diversions 
after cystectomy are treatment for patients with bladder can- 
cers [11]. However, there are several complications of ileal 
conduits including urine leakage, urinary stones, and urinary 
tract infections [11, 12]. Patients with ileal conduits could 
Fig. 11.27 have urinary stones in the kidney, ureter, or ileal conduit. 
Urinary stones of sufficient sizes or radiopaque densities 
could be detected on baseline radiography of loopogram. 
However, unenhanced CT is most sensitive in detecting uri- 
nary stones in patients with ileal conduits due to their high 
densities. 
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11.13 Vesicourethral Leak After 
Prostatectomy 


Case 21 
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Fig. 11.28 


Cystography shows imaging findings of vesicourethral 
leak after prostatectomy. Anterior-posterior (Fig. 11.28a) 
and lateral (Fig. ) images of cystography show 
contrast extravasation (arrow) from vesicourethral anas- 
tomosis to inferior-posterior part of pelvic cavity. 


Key Diagnostic Features 


Cystography has been traditionally used for assessing integ- 
rity of vesicourethral anastomosis after prostatectomy [13]. 
On cystography, contrast extravasation from vesicourethral 
anastomosis could be identified as abnormal contrast medium 
pooling. However, when small amount of contrast medium 
pooling superimposed on symphysis pubis, false-negative 
results of cystography may be obtained [14]. Multiple pro- 
jections of different angles and post-evacuation images could 
be helpful to detect small contrast extravasation. Recently, 
multidetector computed tomography-cystography immedi- 
ate after cystography shows better sensitivity to detect small 
vesicourethral leak [14]. 
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11.14 Vesicovaginal Fistula 


Case 22 


Cystography and computed tomography cystography 
(CT-cystography) show imaging findings of vesicovag- 
inal fistula in a patient after hysterectomy. Figure 11.29, 
cystography using contrast medium instillation via 
suprapubic cystostomy shows abnormal contrast opaci- 
fication of the vagina (arrow) via a fistula (arrowhead) 
between the urinary bladder and vagina. Figure 11.30a, 
axial image of CT cystography using contrast medium 
instillation via Foley catheterization shows a wide fis- 
tula (black arrowhead) between the urinary bladder 
(white arrow) and vagina (black arrow). Figure 11.30b, 
axial image of CT cystography, inferior to Fig. 11.302, 
shows abnormal dilatation of the vagina (black arrow) 
with contrast medium opacification. The wall of the 
urinary bladder (white arrow) is thickened (white 
arrowhead). Note the balloon of Foley catheter and air- 
contrast layering in the urinary bladder. 


Fig. 11.29 


Fig. 11.30 
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Case 23 

Cystography and magnetic resonance image (MRI) 
illustrate vesicovaginal fistula of a woman with hyster- 
ectomy. Figure 11.31, cystography shows abnormal 
contrast medium opacification of the vagina (arrow) in 
addition to normal opacified urinary bladder. The con- 
trast medium is injected into the urinary bladder via 
Foley catheter. Figure 11.32a, sagittal T2-weighted 
image (T2WI) MRI shows a vesicovaginal fistula 
through the posterior wall of the urinary bladder and 
anterior wall of the upper vagina. Figure 11.32b, axial 
T2WI MRI shows faint visualization of a fistula (white 
arrowhead) between the urinary bladder and the vagina 
(black arrowhead). Note the tip of Foley catheter 
(black arrow). Figure 11.32c, axial T2WI MRI shows 
the vagina (arrowhead) is dilated. 


Fig. 11.31 


11.14 Vesicovaginal Fistula 


Fig. 11.32 


Key Diagnostic Features 


Vesicovaginal fistula often occurs in patients after pelvic sur- 
geries (e.g., hysterectomy) and radiation treatment of can- 
cers or in patients with advanced cancer of pelvic cavity [15]. 
The patients with vesicovaginal fistula suffer from continu- 
ous dribbling or urine incontinence because there is absence 
of vaginal sphincter. Cystography or voiding cystourethrog- 
raphy of steep oblique or lateral view under fluoroscopic 
monitoring could show abnormal opacification of the vagina 
via the fistula in addition to normal opacification of the 


urinary bladder. On CT or MRI, an abnormally dilated vagina 
with fluid retention or air collection is a secondary sign of 
vesicovaginal fistula. The walls of the urinary bladder and 
vagina are usually thickened as well. Sometimes, it could be 
difficult to identify the fistula itself on CT or MRI, especially 
when the fistula is small in size or not opacified by excreted 
contrast medium. In these difficult cases for confirmation, 
CT cystography using contrast medium instillation via Foley 
catheter or suprapubic cystostomy could help visualize the 
fistula itself and confirm fistula existence by opacification of 
the vagina. 
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11.15 Recurrent Cervical Cancer After 
Hysterectomy 


Case 24 


Computed tomography (CT) shows a recurrent cervi- 
cal cancer with bladder invasion. Baseline CT after 
hysterectomy for cervical cancer (Fig. 11.33) shows 
normal fattened appearance of vaginal stump after hys- 
terectomy (arrow). Follow-up CT image (Fig. 11.34a) 
] year after hysterectomy shows local recurrence 
(arrow) at prior stump area. Follow-up CT images at 
2 cm caudal to Fig. 11.34a (Fig. 11.34b) show poste- 
rior bladder wall invasion (arrowheads) by the recur- 
rent tumor. 


Fig. 11.33 


Fig. 11.34 
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Case 25 


Fig. 11.35 


Magnetic resonance imaging shows imaging charac- 
teristics of a recurrent cervical cancer. Unenhanced 
axial Tl-weighted (Fig. 11.35a) and T2-weighted 
(Fig. 11.35b) images show recurrent cervical cancer 
(arrows) with intermediate signal intensities on both 
pulse sequences. Axial apparent diffuse coefficient 
(ADC) image (Fig. 11.35c) shows low signal intensity 
of the recurrent tumor (arrow), suggestive of its malig- 
nant nature. Enhanced axial (Fig. 11.35d) and coronal 
(Fig. 11.35e) Tl-weighted fat images show mildly 
heterogeneous enhancement of the recurrent tumor 
(arrow). 


Key Diagnostic Features 


Recurrent cervical cancer after hysterectomy shows soft tissue 
mass at the stump area after hysterectomy, which is retrove- 
sicular location. Large recurrent cervical cancer may invade 
posterior part of the urinary bladder or anterior wall of the 
rectum which shows loss of fat planes between the recurrent 
tumor and the involved organs as well as irregular wall thick- 
ening of the involved organ. Baseline images of computed 
tomography (CT) or magnetic resonance image (MRI) after 
hysterectomy could confirm the occurrence of hysterectomy 
as treatment for cervical cancer. Furthermore, interval changes 
between baseline and follow-up CT or MRI images could con- 
firm the occurrence of recurrent cervical cancer as well. 


498 11 Injury, Post-interventional Disease, and Blunt Trauma 
11.16 Intrauterine Device (IUD) Migration 


Case 26 


Fig. 11.36 


Plain radiography of the kidney, ureter, and bladder 
(KUB) and computed tomography shows intrauterine 
device (IUD) migration to abdominal cavity in an 
asymptomatic woman. Magnification view of KUB at 
the pelvic cavity (Fig. 11.36) shows visualization of 
IUD (arrow) at left lateral part of the pelvic cavity. 
IUD migration is highly suspected by its unusual lat- 
eral positioning. Enhanced coronal CT images 
(Fig. 11.37a, b) show normal appearance of the uterus 
(arrowhead) and a migrated IUD (arrow) in to the left 
lower abdominal cavity. However, there is no abscess 
formation adjacent to the IUD. There is no hematoma 
adjacent to the uterus as well. The patient is asymp- 
tomatic and the IUD migration is an incidental finding 
of imaging studies for other purposes. 


Fig. 11.37 


Key Diagnostic Features 


IUD migration could have a variety of imaging appearance and 
clinical conditions varying from the need to urgent surgery to 
complete asymptomatic situations [16]. The identification of 
different kinds of IUD migration and its possible complications 
on images is important for determining and selecting appropri- 
ate treatments and measures. Ultrasound is usually used as the 
first-line imaging modality for confirming normal positioning 
of IUD as well as selecting subsequent imaging modalities for 
assessing IUD migration [16]. If ultrasound demonstrates 
absence of intrauterine IUD, plain radiographies of anteropos- 
terior and lateral positions are recommended for further differ- 
entiating extrauterine IUD positioning or IUD expulsion 
through the vagina by radiopaque metallic density of IUD 
devices [16]. Computed tomography (CT) is the most useful 
imaging modality to assess complications related to IUD 
migration to abdominal cavity, which include abscess forma- 
tion, bowel perforation, bowel obstruction, hemorrhage, or 
adhesion [16]. In the presence of complications in symptomatic 
patients with IUD migration to abdominal cavity on CT, surgi- 
cal intervention is usually necessary. 
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11.17 Transurethral Resection Case 28 
of the Prostate (TURP) 


Case 27 


Fig. 11.39 


Computed tomography (CT) shows imaging appearances 


Fig, 11:38 of transurethral resection of the prostate. Figure a, 
unenhanced axial CT at prostate level shows an oval cystic 
area (arrowheads) within the central part of the prostate 
gland. Figure 9b, enhanced axial CT at prostate level 

Magnetic resonance imaging (MRI) shows imaging shows no contrast medium enhancement of this cystic 


findings of a patient after transurethral resection of area (arrowhead). The location and density of this cystic 
the prostate (TURP). Figure Sa, sagittal area is typical for transurethral resection of the prostate. 
T2-weighted imaged (T2WI) of MRI shows a large 
well-defined urethral pathway (arrowheads) within 
the prostate. Figure 3b, axial T2WI of MRI 
shows a large urethra (arrowheads) channel sur- 
rounded by the prostate, suggestive of TURP. 


Key Diagnostic Features 


Transurethral resection of the prostate (TURP) applies to 
patients with benign prostate hyperplasia or prostate cancer 
for removing obstructing parts via the prostate urethra. 
Therefore, TURP results in an enlarged prostate urethra, 
which may improve the symptom of urinary retention. On 
images regardless of ultrasound, computed tomography (CT), 
or magnetic resonance imaging (MRI), a central located cystic 
area at the same site of the prostate urethra is noted, which is 
much larger than normal male adults. After contrast medium 
excretion to the urinary bladder, this cavity is filled with opaci- 
fied contrast medium as well by its communication with the 
urinary bladder. Nonetheless, it usually has no diagnostic dif- 
ficulty by recognizing its typical pictures on images even 
before contrast medium opacification of the TURP channel. 
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11.18 Local Recurrence of Prostate Cancer 
After Radical Prostatectomy 


Case 29 


Fig. 11.40 


Computed tomography (CT) shows imaging findings of right wall (arrow) of bladder neck as compared to the 
local recurrence at bladder neck of prostate cancer after left one. Enhanced contiguous axial CT images 
prostatectomy, proved by histological examination of (Fig. 11.40b, c) show abnormal thickening of the right 
biopsy specimen. Unenhanced axial CT image  posterior-lateral wall of the bladder neck near vesicoure- 
(Fig. 11.40a) shows subtle appearance of asymmetric — thral anastomosis. 
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Case 30 


Fig. 11.41 


Magnetic resonance imaging (MRI) shows imaging 
findings of local recurrence of prostate cancer after 
prostatectomy. Unenhanced axial Tl-weighted fat- 
suppressed image (Fig. ) shows a nodule (arrow) 
in the right anterior-lateral wall of the bladder neck 
with signal intensity similar to that of muscle. 
Unenhanced axial (Fig. ) and coronal 
(Fig. ) T2-weighted images show this nodule 
(arrows) with signal intensity slightly higher than that 
of muscle. Early phase of dynamic contrast-enhanced 
study (DCE) (Fig. ) shows obvious enhance- 
ment of the nodule (arrow). Biopsy reveals recurrent 
prostate cancer. 


Key Diagnostic Features 


Local recurrence of prostate cancer after prostatectomy is usu- 
ally evaluated by MRI [17]. On MRI, local recurrence of pros- 
tate cancer usually occurs at vesicourethral anastomosis, 
bladder neck near anastomosis, or retrovesicular area. Local 
recurrence of prostate cancer appears as isointense to muscle or 
T1-weigthed image and slightly or obviously hyperintense to 
muscle [17—19]. On dynamic contrast-enhanced study of MRI, 
it usually appears as obvious enhancement in early phase [17]. 
On the other hand, it is much more difficult to diagnose local 
recurrence of prostate cancer on CT by poor contrast resolution 
of the local recurrence and adjacent tissue. Asymmetry of blad- 
der neck wall or vesicourethral anastomosis could sometimes 
hint its presence. However, local fibrosis may have similar pic- 
ture on CT. Biopsy is necessary to confirm the diagnosis of 
local recurrence of prostate cancer on CT or MRI. 
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.19 Blunt Renal Injury 


Case 31 


Fig 


.11.42 


Contrast-enhanced CT (Fig. ) of an adult 
victim of blunt abdominal trauma shows a grade V 
injury of the right kidney. The kidney is shattered and 
devascularized. There is extravasation of vascular 
contrast medium (arrows) and infarct at most of the 
renal parenchyma (arrowheads). An expanding right 
perirenal hematoma extends into pararenal space 
(asterisks) displacing the inferior vena cava and 
duodenum. 
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Case 32 


Fig. 11.43 


Contrast-enhanced CT of an adult victim of blunt 
abdominal trauma shows a traumatic occlusion at the left 
renal pedicle (white arrowhead) resulting to total infarc- 
tion (arrow) of the left kidney as a grade V renal injury 
(Fig. | ). There is minimal hematoma (black arrow- 
head) at the left renal pedicle region, indicating that the 
occlusion of the renal artery is caused by traumatic dis- 
section and thrombosis. CT scan with a wide window 
setting obtained at the infrarenal level (Fig. b) 
shows wall thickening of the jejunum (arrows) and small 
extraluminal air pockets (arrowheads) at the mesentery. 
A subsequent abdominal surgery confirmed the concur- 
rent traumatic perforation of small bowel. 
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Case 33 Case 34 


Fig. 11.45 
Fig. 11.44 

Contrast-enhanced CT (Fig. ) of a patient 
Computed tomography (CT) and renal arteriogra- with blunt abdominal trauma shows a grade IV injury 
phy show a patient with grade IV renal injury of of the right kidney. Renal CT of excretory phase 
blunt trauma. Figure , contrast-enhanced CT (Fig. 11 ) shows urinary contrast excretion into 
shows segmental infarction (arrow) of the right kid- the renal collecting system (arrowhead, Fig. ). 
ney and vascular injury (arrowheads) at the renal In addition to the thin subcapsular hematoma seen at 
hilum. Hematomas are noted at the subcapsular the right kidney, there is urine contrast extravasation 
space, perirenal space, and pararenal space. (arrowhead, Fig. 1 ) from the lower pole collect- 
Figure , angiography of the right kidney ing system into the urinoma. 


shows traumatic occlusion (arrowhead) of an upper 
pole segmental branch of the right renal artery. 
Hypovascularity and perfusion defect (arrow) are 
seen at the upper pole of the right kidney. 
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Case 35 Case 36 


Fig. 11.46 


Contrast-enhanced CT (Fig. 11.46a, b) of a patient 
with blunt abdominal trauma shows a grade II renal 
injury. Axial image (Fig. 11.46a) and coronal refor- 
matted image (Fig. 11.46b) of contrast-enhanced CT 
show superficial laceration and small subcapsular 
hematoma (arrowheads) in the left kidney. 


Fig. 11.47 


Contrast-enhanced CT images (Fig. 11.47a-c) of a 
patient with blunt abdominal trauma show a grade I 
renal injury. Axial images (Fig. 11.472, b) and coro- 
nal reformatted image (Fig. 11.47c) of contrast- 
enhanced CT show a small subcapsular hematoma 
(arrowheads) at the left kidney. There is no paren- 
chymal laceration at the left kidney or delayed 
nephrographic enhancement. 


11.20 Blunt Trauma of Lower Urinary Tract 
Key Diagnostic Features 


Renal trauma is quite common, occurring in 10 % of trauma 
cases. However, more than 90 96 of them are minor renal 
injuries that consist of subcapsular hematoma (AAST grade 
Iinjury) or superficial lacerations and non-expanding perire- 
nal hematoma (AAST grade II injury). Major renal injuries 
are deep parenchymal lacerations, more than 1 cm deep, that 
extend from the cortex to medulla (AAST grade III injury) or 
extend from the cortex to the urinary collecting system 
(AAST grade IV injury). Renal injury that stretches the seg- 
mental arteries resulting in devascularization of the corre- 
sponding renal parenchyma is also categorized as AAST 
grade IV injury. Catastrophic renal injuries are AAST grade 
V injuries represented by a shattered kidney and massive 
pararenal hematoma. Renal pedicle injury is also a grade V 
injury. It could either be a transected renal pedicle with 
uncontained hematoma or a traumatic occluded renal pedicle 
with global renal infarction. Although not explicitly men- 
tioned in the AAST grading scale, a ureteropelvic junction 
disruption is also a catastrophic renal injury. 

Contrast-enhanced computed tomography (CT) has been 
widely used for evaluation of blunt abdominal trauma [20, 
21]. In the era of multidetector-row CT, multiplanar recon- 
structed CT can provide a rapid evaluation with a general 
high accuracy of organs and vascular injuries. CT is very 
accurate for renal injuries but it is not as good for lower uri- 
nary tract injuries. Excretory urography has a very limited 
role and is becoming obsolete. Conventional retrograde cys- 
tography is accurate for bladder rupture but not sensitive for 
bladder mucosal injury. Retrograde CT cystography is com- 
parable with conventional retrograde cystography and could 
be replaced. However, if an associated urethral injury is sus- 
pected, then the patient should be sent to the fluoroscopy 
room for a retrograde urethrography examination prior to 
retrograde cystography examination. 

Contrast-enhanced CT can be acquired at different 
enhancing phases (arterial phase, portovenous phase, and 
equilibrium phase) which is called a multiphasic CT [21]. 
The equilibrium phase of the liver and spleen is actually 
equivalent to excretory phase of the kidney. The advantage 
of multiphasic CT includes the detection of vascular injury 
and vascular contrast extravasation as well as collecting sys- 
tem injury and urinary contrast extravasation. Catastrophic 
renal injuries associated with hemodynamic instability 
require emergent surgery. Life-threatening vascular injuries 
and vascular contrast extravasation as evident on multipha- 
sic CT regardless of the renal injury grading scale may war- 
rant the less invasive angioembolization or endovascular 
repair. 
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Case 37 


Fig. 11.48 


Retrograde cystography and CT cystography show a 
patient with intraperitoneal bladder rupture. Retrograde 
cystography (Fig. 11.48) of a patient with blunt 
abdominal trauma shows intraperitoneal spill of uri- 
nary contrast medium into the right paracolic space 
(arrowheads) through a defect at the bladder dome 
(arrow) indicating an intraperitoneal rupture. 
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Case 38 Case 39 


Fig. 11.49 


CT cystography (Fig. 11.49) of a patient shows intra- 
peritoneal spill of urinary contrast medium through an 
anterior bladder wall defect (arrow) indicating an 
intraperitoneal rupture. Note the high density urine in 
the peritoneal space (asterisk). 


Fig. 11.50 


Conventional retrograde cystography of a patient with 
pelvic ring fracture and right hip fracture dislocation 
(Fig. 11.50) shows an extraperitoneal rupture at blad- 
der base. The flame-shaped spillage of urinary contrast 
medium (arrows) is a characteristic finding of extra- 
peritoneal bladder rupture. The bladder is indented by 
mass effect resulted from extraperitoneal hematoma 
and extravasated urine. 
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Case 40 Case 41 


Fig. 11.52 
Fig. 11.51 
Retrograde urethrography (Fig. 11.51) of a patient Retrograde urethrography (Fig. 11.52) of a male 
with pubic rami fractures shows a grade II injury at the patient with a direct blow to the genitalia shows extrav- 
posterior urethra. Extravasation of contrast medium asation of contrast medium (arrow) from the anterior 
(arrow) from the torn posterior urethra is located above urethra to the corpus cavernosum and corpus spongio- 
the urogenital diaphragm. Note the anterior urethra is sum, indicating a grade V injury. 


intact. 
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Key Diagnostic Features 


Blunt trauma of the urinary bladder can cause bladder rup- 
ture into intraperitoneal and/or extraperitoneal space. 
Intraperitoneal rupture (IPR) of the bladder can occur when 
a force is directly impacted at the lower abdomen. The fully 
distended bladder usually ruptures at the weakest point 
which is located at the bladder dome. Large amount of intra- 
peritoneal urine as a result of IPR mimics hemoperitoneum 
on ultrasonography or CT scan. Occasionally, intraperitoneal 
extraluminal air can be iatrogenically introduced through the 
perforated bladder wall by a bladder catheterization. Because 
IPR may cause peritonitis and sepsis, it is usually treated by 
surgical repair. Extraperitoneal rupture (EPR) of the urinary 
bladder usually associates with anterior pelvic ring fracture. 
The fractured bones with sharp edges can directly puncture 
the bladder causing EPR. Shearing force injury may also 
cause EPR between a non-fixed bladder base and a relatively 
fixed prostate gland. Although EPR can result to urine accu- 
mulation in extraperitoneal space, most EPR can be success- 
fully treated with urine diversion by either a Foley 
catheterization or suprapubic catheterization. After bladder 
decompression and urine diversion, EPR may heal spontane- 
ously if the perforated bladder wall is small. 

On portovenous phase CT scan, the bladder may not be 
homogeneously filled with urinary contrast excreted from 
the renal parenchyma. Moreover, the bladder during porto- 
venous phase may not be fully distended. These are the rea- 
sons why CT has a poor accuracy for bladder rupture [22]. 
The best diagnostic imaging for bladder rupture is conven- 
tional retrograde cystography that has an accuracy of 
90-95 % for bladder rupture. At retrograde cystography, 
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about 300-350 mL of diluted iodinated contrast medium is 
instilled into the bladder through a bladder catheter to guar- 
antee a full bladder distention. In order to save time and 
avoid unnecessary transfer of patients from CT to fluoros- 
copy, retrograde CT cystography can also be performed 
with a CT scanner. The diagnostic value of CT cystography 
is comparable with conventional retrograde cystography if 
not slightly superior [23]. 

Urethral injuries occur more commonly in males than in 
females because of the longer length of the urethra in males. 
Anterior urethral injuries are usually caused by a direct blow 
to the genitalia. On the other hand, posterior urethral injuries 
are usually associated with anterior pelvic ring injuries such 
as anterior-posterior compression injury (open book injury) 
or lateral compression injury. Urethral injuries always present 
with gross hematuria or bloody discharge from the urethral 
meatus. It is important to check patients for urethral meatus 
blood before inserting a Foley catheter at an emergency set- 
ting to avoid aggravating the preexisting urethral injury. 

Urethral injuries are best evaluated by retrograde urethrog- 
raphy [24]. A small-caliber Foley catheter is inserted into the 
distal penile urethra, and the balloon is slightly inflated at the 
fossa navicularis. Under fluoroscopy investigation and 
oblique view, 60 95 iodinated contrast medium is injected 
through the catheter. According to Goldman and Sandler clas- 
sification, stretching of the posterior urethra associated with 
bladder base elevation indicates a grade I injury. Extravasation 
of contrast medium from posterior urethra is a grade II injury 
(intact urogenital diaphragm) or grade III injury (disrupted 
urogenital diaphragm). Bladder neck injury extending to the 
proximal urethra is a grade IV injury. Pure extravasation from 
the anterior urethra is a grade V injury. 
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11.21 Angiographic Intervention of Blunt 
Renal Injuries 


Case 42 


Contrast-enhanced CT at excretory phase (Fig. 11.53) 
shows grade II injury of the left kidney. There is an 
active contrast medium extravasation (arrow) in the sub- 
capsular space in addition to hematomas in the subcap- 
sular and perirenal spaces. The left kidney is deformed 
by its own subcapsular hematoma, and it also demon- 
strates a delayed opacification of excretory phase con- 
sistent with a page kidney. Left renal artery angiography 
(Fig. 11.54a) shows active contrast medium extravasa- 
tion (arrow) from a lower pole branch artery into the 
subcapsular space. Post-Transcatheter arterial emboli- 
zation (TAE) angiography (Fig. 11.54b) shows metallic 
coil occlusion of the injured branch artery and success- 
ful cessation of contrast medium extravasation. 


Fig. 11.53 


Fig. 11.54 
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Fig. 11.55 


Contrast-enhanced CT at  nephrographic phase 
(Fig. 11.55a, b) of a patient with blunt abdominal trauma 
shows grade V injury of the right kidney (shattered kid- 
ney and segmental infarcts). Note the right perirenal and 
pararenal hematomas. Right renal artery angiography 
(Fig. 11.56) does not reveal any active bleeder, and there- 
fore angioembolization was not performed. The patient’s 
gross hematuria and flank pain gradually improved. 
Twelve days later, the patient complained of recurrent 
flank pain and sudden recurrence of gross hematuria. A 
repeat contrast-enhanced CT at nephrographic phase 
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Fig. 11.56 


(Fig. 11.57a, b) shows contrast medium extravasation 
(arrowheads) in the expanding right perirenal hematoma. 
In contrast to the first angiography, a repeated right renal 
artery angiography (Fig. 11.582) reveals an active bleeder 
(arrow) from a lower pole branch artery. Post- TAE angi- 
ography (Fig. 11.58b) shows metallic coils (arrow) 
deployed at a lower pole interlobar artery and successful 
cessation of the bleeder. However, the lower pole division 
was iatrogenically injured (arrowhead) during the proce- 
dure resulting in renal infarct of the lower pole of the right 
kidney. The patient recovered and was discharged. 
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Fig. 11.57 


Fig. 11.58 
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Key Diagnostic Features 


Blunt renal trauma with active bleeding is a life-threatening 
condition. On a multiphasic contrast-enhanced CT, active bleed- 
ing is indicated by extravasation of contrast medium. On the 
other hand, vascular injury is represented by abnormal vascular 
contour or contrast medium pooling that washes out at the same 
pace as the adjacent veins. Vascular injury may heal spontane- 
ously or may cause delayed complications such as rebleeding 
and hypotensive shock or severe repeated gross hematuria. In an 
acute setting, if renal active bleeding as a result of pedicle injury 
is uncontained, then the patient should go directly for surgical 
nephrectomy. However, if renal hemorrhage is contained and 
the patient is relatively hemodynamically stable, then angioem- 
bolization is an alternative treatment [25, 26]. 

The goals of angioembolization for active bleeder or vas- 
cular injury in a patient with blunt renal trauma are to occlude 
the injured branch vessels rapidly and to preserve the rest of 
the renal parenchymal viability whenever possible. 
Angioembolization can also reduce the amount of blood 
product transfusion and hence decrease transfusion-related 
complications. As compared to surgery, angioembolization 
requires only local anesthesia and the wound is small. The 
embolic agents that are commonly used include metallic 
coils and gelfoam pledgets. Venous injuries are injuries of 
low pressure system. Hemorrhage caused by most venous 
injuries can stop spontaneously. However, surgery is war- 
ranted if venous exsanguination occurs at the renal pedicle. 
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Nephrological, Systemic, 1 2 
and Non-urinary Diseases 
with Urinary Tract Involvement 


12.1 Renal Cell Carcinomas in Dialysis 
Patients with Acquired Cystic 
Kidney Disease 


Case 1 


Computed tomography (CT) shows imaging 
characteristics of bilateral renal cell carcinomas 
(RCCS) in a patient with acquired cystic kidney disease 
(ACKD). Unenhanced (Fig. 12.1a) and enhanced 
(Fig. 12.1b) CT images at the renal upper pole show a 
predominantly solid tumor (arrows) at the left renal 
upper pole, consistent with an RCC. Note ascites due 
to end-stage renal disease of the patient. Multiple cysts 
of both kidneys are noted, consistent with ACKD. 


Fig. 12.1 
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Case2 


Fig. 12.2 


Magnetic resonance imaging (MRI) shows imaging 
findings of RCC in a patient with ACKD. Unenhanced 
axial T1-weighted image (TIWI) (Fig. 12.2a) shows a 
large left renal tumor (arrow) with similar signal inten- 
sity to the muscle. Unenhanced axial T2-weighted 
image (T2WT) (Fig. 12.2b) shows heterogeneous sig- 
nal intensity of the left renal tumor (arrow), higher 
than that of the muscle. Coronal enhanced T1 fat- 
suppressed (T1FS) image (Fig. 12.2c) shows heteroge- 
neous tumor enhancement of the left renal lower polar 
tumor (arrow) with perinephric invasion (arrowheads). 


Key Diagnostic Features 


Dialysis patients with acquired cystic kidney disease 
(ACKD) have higher risk to develop renal cell carcinomas 
than the general population [1]. The diagnosis of RCC in 
patients with ACKD is more difficult than that of the general 
population. However, detection of enhancing solid tumor or 
enhancing solid part in a cystic mass in a patient with ACKD 
should raise the suspicion of RCC. If there is clinical doubt 
of RCC diagnosis, an image-guided biopsy could be obtained 
to establish the diagnosis. 
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12.2 Urothelial Carcinomas in Dialysis 
Patient 


Case 3 


Retrograde pyelography (RP) and magnetic resonance 
imaging (MRI) show a urothelial carcinoma of the 
right renal pelvis in a dialysis patient. Right RP 
(Fig. 3) shows a large filling defect (arrow) in the 
right renal pelvis. MR urography (Fig. ) shows a 
mass lesion (arrow) of the right renal pelvis. 
Unenhanced axial T1-weighted image (Fig. ) and 
T2-weighted image (Fig. c) show the right renal 
pelvis mass (arrows) with isointensity to the muscle on 
T1-weighted image and intermediate signal intensity 
higher than the muscle on T2-weighted image. 
However, the demarcation of this mass to normal renal 
parenchyma is not conspicuous on these two images. 
Enhanced T1 fat-suppressed image (Fig. ) shows 
heterogeneous enhancement of the renal pelvis tumor 
(arrow), distinct from the right renal normal 
parenchyma. 


Fig. 12.3 
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Fig. 12.4 
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Case 4 


Fig. 12.5 


Computed tomography (CT) shows imaging 
characteristics of urothelial carcinomas in the right 
renal pelvis and urinary bladder of a dialysis patient. 
Unenhanced (Fig. 12.5a) and enhanced (Fig. 12.5b) 
axial renal CT show an enhancing soft tissue mass of 
the right renal pelvis, compatible with urothelial carci- 
noma. Enhanced axial bladder CT (Fig. 12.5c) shows a 
mass lesion (arrow) at the right anterolateral wall 
of the urinary bladder as a urothelial carcinoma. 
Urothelial carcinomas of these two lesions are proved 
histologically after surgery. Note small sizes of both 
kidneys, which are consistent with end-stage renal 
disease of the patient. 


Key Diagnostic Features 


Dialysis patients may develop urothelial carcinomas, 
especially in Taiwan and China. The diagnosis of urothelial 
carcinomas on CT and MRI in dialysis patients is similar to 
that in non-dialysis patients. On RP, filling defects with 
irregular profiles or papillary appearances should raise the 
suspicion of urothelial carcinomas. However, in dialysis 
patients, RP could fail by difficulty in catheterized atrophic 
ureters. On CT and MRI, urothelial carcinomas appear as 
enhancing soft tissue mass or wall thickening in the renal 
collecting systems and ureters. Because the small sizes of the 
kidneys and ureters in dialysis patients, the detection of uro- 
thelial carcinomas within these anatomical structures is 
much more difficult than that in non-dialysis patients. 
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.3  Urothelial Carcinomas in Kidney 
Transplant Recipients 


se5 


Fig. 12.6 


Fig 


.12.7 


Renal ultrasound (US), retrograde pyelography (RP), and 
computed tomography (CT) show imaging characteris- 
tics of urothelial carcinomas at the right native renal pel- 
vis near the ureter junction of a kidney transplant 
recipient. Right native renal ultrasound (Fig. 12.6) shows 
very small size of the right native kidney with hydrone- 
phrosis (arrow). Bilateral RP (Fig. 12.7) shows right 
native hydronephrosis (arrow) with a faint filling defect 
(arrowhead) at the right renal ureteropelvic junction. The 
left native renal pelvicalyceal system is small without 


Fig. 12.8 


dilatation. Enhanced axial CT at pelvic cavity (Fig. 12.82) 
shows an allograft kidney (arrow) with contrast opacifi- 
cation in its renal collecting system, suggestive of good 
renal function. Enhanced coronal CT at bilateral native 
kidney level (Fig. 12.8b) shows focal wall thickening in 
the right ureteropelvic junction (arrowhead) with resul- 
tant right hydronephrosis. Histological examination of 
surgical specimen of right native nephroureterectomy 
reveals urothelial carcinoma of right native renal pelvis 
near the ureteral junction. 


12.3 Urothelial Carcinomas in Kidney Transplant Recipients 


Case 6 
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Fig. 12.9 (continued) 


Key Diagnostic Features 


Magnetic resonance imaging (MRI) shows a urothelial 


carcinoma of the right native kidney in a renal trans- Urothelial carcinomas in kidney transplant recipients most 
plant recipient. Unenhanced coronal T2-weighted commonly occur in native kidneys and ureters [2]. Renal 
image at the native kidney level (Fig. 12.9a) shows ultrasound could detect hydronephrosis but seldom detect 
native right hydronephrosis with internal soft tissue urothelial carcinomas themselves. On RP, urothelial carcino- 
areas. Note absence of the native left kidney due to left mas in native kidneys usually appear as filling defects of 
nephrectomy for a ureteral urothelial carcinoma 10 irregular profile. On computed tomography and magnetic 
years ago. Unenhanced coronal T2-weighted image at resonance imaging, contrast medium enhancement of the 
the allograft level (Fig. 12.9b) shows normal appear- tumors makes them more conspicuous for detection. 


ance of the allograft kidney. Unenhanced axial 
Tl1-weighted image (Fig. 12.9c) shows the right renal 
pelvis tumor (arrow) with isointensity to the muscle. 
Unenhanced axial T2-weighted image (Fig. 12.9d) 
shows intermediate signal intensity of the right renal 
pelvis tumor (arrow), slightly higher than that of the 
muscle. Enhanced axial (Fig. 12.9e) and coronal 
(Fig. 12.9f) T1 fat-suppressed images show enhance- 
ment of the right renal pelvis tumor (arrows), making 
it distinguishable from normal parts of the right 
kidney. 
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12.4 Sclerosing Encapsulating Peritonitis 


Case7 


Fig. 12.10 


Plain radiography of the kidney, ureter, and bladder 
(KUB), small bowel study, and computed tomography 
(CT) show imaging characteristics of sclerosing 
encapsulating peritonitis in a patient undergoing 
continuous ambulatory peritoneal dialysis (CAPD). 
KUB (Fig. 12.10) shows extensive linear calcifications 
throughout the abdomen and pelvic cavity. Small bowel 
study (Fig. 12.11) shows dilatation of small bowel 


280 MIN 


Fig. 12.11 


loops in the upper abdomen without contrast passage to 
distal small bowel loops up to 280 min, suggestive of 
bowel obstruction. Enhanced CT images at the pelvic 
cavity (Fig. 12.12a) and renal level (Fig. 12.12b), 
respectively, show linear calcifications in the bowel 
wall and mesentery. Note abdominal cocoons (arrows) 
enveloping the small bowel loops without resultant 
bowel obstruction. 
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12.5 Nephrotic Syndrome 


Case 8 


Fig. 12.12 


Key Diagnostic Features 


Sclerosing encapsulating peritonitis is one complication of 
CAPD, and its occurrence is related to CAPD duration [3]. 
On images, sclerosing encapsulating peritonitis is character- 
ized by bowel wall thickening, bowel wall or peritoneal cal- 
cification, loculated fluid collection, and abdominal cocoon 
due to bowel loops encapsulated in a thick fibrosis mem- 
brane with resultant partial or complete bowel obstruction 
[3, 4]. Small bowel study may show bowel obstruction by 
increased transition time, abnormal dilatation of small bowel 
loops, and no passage of contrast medium to distal bowel 
loops in complete obstruction [3]. When there are extensive 
calcifications of the peritoneum and bowel walls, plain radi- 
ography of the kidney, ureter, and bladder could recognize 
these calcifications. However, computed tomography (CT) is 
much more sensitive to detect calcifications, even in their 
early stage [3]. Furthermore, CT could identify peritoneal 
wall and bowel wall thickening as well as abdominal cocoon 
and dilated bowel loops suggestive of bowel obstruction [3]. 
Therefore, CT is the most commonly used and most useful 
tool for diagnosing sclerosing encapsulating peritonitis. 


Fig. 12.13 


Computed tomography (CT) illustrates imaging find- 
ings of thrombosis in inferior vena cava (IVC), com- 
mon iliac vein, and femoral vein found in a patient 
with nephrotic syndrome. Enhanced renal axial CT 
image (Fig. 12.13a) shows a filling defect (arrow) in 
IVC, representing thrombosis. Enhanced axial CT 
image at the upper pelvic cavity (Fig. 12.13b) shows 
thrombosis (black arrowheads) in bilateral common 
iliac veins, respectively. Enhanced axial CT image at 
the lower pelvic cavity (Fig. 12.13c) reveals filling 
defects in bilateral femoral veins (white arrowheads) 
as thrombosis. The IVC thrombosis is an extension 
from iliofemoral thrombosis. 
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Case 9 


Fig. 12.14 


Renal ultrasound and computed tomography (CT) 
illustrate imaging findings of left renal vein thrombo- 
sis in a patient with nephrotic syndrome and membra- 
nous glomerulonephritis. Right (Fig. 12.14a) and left 
(Fig. 12.14b) renal ultrasound show swollen appear- 
ance of the left kidney as compared to the right one. 
Enhanced axial CT images (Fig. 12.15a, b) show 
thrombosis (arrowheads) in a segment of the left renal 
vein. The nephrogram of the left kidney is delayed as 
compared with the right kidney. The left kidney has a 
globular shape by edematous change. There is 
increased perinephric stranding (arrows) as well. 


Fig. 12.15 


Key Diagnostic Features 


Nephrotic syndrome is associated with hypercoagulable 
state, which may result to renal vein thrombosis [5]. The 
most common underlying cause of nephrotic syndrome is 
membranous glomerulonephritis [5]. In severe hypercoagu- 
lable state, venous thrombosis could be found not only in the 
renal veins but also in the inferior vena cava and other veins. 
Renal Doppler ultrasound, magnetic resonance imaging, and 
enhanced computed tomography could be used to diagnose 
thrombosis of renal vein caused by nephrotic syndrome [5]. 
On enhanced CT or MRI, venous thrombosis appears as an 
intraluminal filling defect. 
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12.6 Tuberous Sclerosis Complex 


Case 10 


Fig. 12.16 


Fig. 12.17 


Computed tomography (CT) and liver ultrasound (US) 
show typical features of tuberous sclerosis (TS). 
Figure 12.16, unenhanced axial renal CT shows bilateral 
multiple fatty tumors (arrows) with left retroperitoneal 
hematoma (arrow). Figure 12.17, liver US shows multi- 


Fig. 12.19 


ple hyperechoic nodules of the liver as angiomyolipomas. 
Figure 12.18, chest CT of the lung window shows multi- 
ple lung cysts. Figure 12.19, unenhanced axial brain CT 
shows two calcified nodules (arrowheads) at the right 
periventricular and right parietal subcortical areas. 
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Case 11 


Fig. 12.20 
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Fig. 12.21 


Fig. 12.22 


12 Nephrological, Systemic, and Non-urinary Diseases with Urinary Tract Involvement 
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Computed tomography (CT) images illustrate imaging 
characteristics of tuberous sclerosis complex. 
Enhanced coronal (Fig. 12.20a), axial renal upper 
polar (Fig. 12.20b), and axial renal midportion CT 
(Fig. 12.20c) images show multiple angiomyolipomas 
(arrows) of both kidneys. Note left renal angiomyoli- 
poma with anterior protrusion. Chest CT of lung win- 
dow (Fig. 12.21) shows numerous small lung cysts 
(arrowheads) scattered diffusely in both lungs. 
Unenhanced axial brain CT (Fig. 12.22) shows multi- 
ple calcified nodules at bilateral periventricular areas 
(arrowhead). 


Key Diagnostic Features 


Renal angiomyolipomas in patients with tuberous sclerosis 
(TS) are usually bilateral and multiple. Renal angiomyo- 
lipomas in TS patients tend to be large in size and with 
rapid growth. In TS patients, renal cysts could be a coex- 
isting finding in addition to renal angiomyolipomas. As TS 
patients could have angiomyolipomas of multicentric loca- 
tions, liver angiomyolipomas could be sometimes identi- 
fied in TS patients. TS patients may present with seizure 
or mental retardation clinically. Brain involvement of TS 
patients typically presents as periventricular calcified nod- 
ules, which are regarded to be related to these symptoms. 
Lymphangioleiomyomatosis (LAM) of the lung is associ- 
ated with TS as well. Lung LAM shows multiple thin-walled 
cysts distributed diffusely in both lungs without sparing any 
lung zone. 
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12.7 Von Hippel-Lindau (VHL) Disease 


Case 12 


Fig. 12.23 
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Fig. 12.24 


Brain magnetic resonance imaging (MRI) and abdomen 
computed tomography (CT) show cerebellar hemangio- 
blastoma, renal cell carcinomas, renal cysts, and pancre- 
atic cysts in a patient of von Hippel-Lindau (VHL) 
disease. Unenhanced brain axial T1-weighted images of 
MRI (Fig. 12.23a, b) show a mass lesion with mixed low 
signal intensity (arrows) and isointensity (arrowhead) of 
left cerebellar hemisphere. Unenhanced brain coronal 
T2-weighted image of MRI (Fig. 12.23c) shows strong 
(arrow) and moderate (arrowhead) high signal intensity 
areas in this mass, corresponding to low signal intensity 
and isointensity regions on T1-weighted images, respec- 
tively. Enhanced brain coronal (Fig. 12.23d) and axial T1 
fat-suppressed (Fig. 12.23e, f) images show conspicuous 
enhancement of the mural nodule part of this tumor. 
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Histological examination of surgical specimen of this 
tumor reveals a hemangioblastoma. Enhanced renal axial 
CT images (Fig. 12.24a, b) show multiple renal cell carci- 
nomas (white arrows) of variable sizes in both kidneys, 
presenting as enhancing solid tumors or mixed cystic and 
solid tumors containing enhancing soft tissue parts. There 
are also multiple cysts (white arrowhead) in both kidneys. 
Lymph node metastasis (black arrows) representing as 
enlarged or necrotic lymph nodes are depicted in the left 
para-aortic area. Bony destruction (black arrowhead) of 
lumbar spine is identified, which is proved as spinal 
metastasis from renal cell carcinomas via histological 
examination of spinal biopsy specimens. Enhanced coro- 
nal CT image (Fig. 12.24c) shows numerous cysts 
throughout the pancreas (white arrows) from head to tail. 
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Key Diagnostic Features 12.8 Ureteral Endometriosis 


Von Hippel-Lindau (VHL) disease has a wide spectrum of Case 13 
clinical manifestations [6]. VHL is diagnosed by more than 
one CNS hemangioblastoma, one CNS hemangioblastoma 
plus related visceral manifestations, or a family history of 
VHL because VHL is an autosomal dominant inherited dis- 
ease [6]. The most common site of CNS hemangioblastoma 
in VHL patient is the cerebellum, followed by the retina and 
spinal cord [6]. A hemangioblastoma usually presents as a 
cystic tumor containing an enhancing nodule at its periphery 
on computed tomography (CT) or magnetic resonance imag- 
ing (MRI) [6]. The visceral manifestations of VHL include 
renal cysts and tumors, pancreatic cysts and tumors, pheo- 
chromocytomas, endolymphatic sac tumors, and epididymal 
cystadenomas [6]. Both renal cysts and renal cell carcinomas 
(RCCs) are common findings in VHL patients, which are 
usually multiple lesions with both renal involvements [6]. 
The detection and diagnosis of RCCS in patients of VHL on 
images is important for subsequent treatment because RCCs 
could metastasize to distant organs or lymph nodes if not 
treated [6]. Pancreatic cysts and pancreatic neoplasms includ- 
ing serous microcytic adenomas, neuroendocrine tumors, 
and rare adenocarcinomas are important findings of VHL [6]. 
If pancreatic cysts are detected on images along with renal 
cysts or RCCs, a suspicion of VHL should be raised and a 
further search for other VHL-related manifestations such as 
CNS hemangioblastoma on images should be done. 


Fig. 12.25 


Excretory urography (EU) and computed tomography 
(CT) illustrate imaging findings of left ureteral and 
ovarian endometriosis. Excretory urography (Fig. 12.25) 
shows ureteral stenosis of the left distal ureter with 
abrupt tapering (arrowhead) just caudal to the left sac- 
roiliac joint. Dilatation of the left renal collecting sys- 
tem and proximal part of the left ureter is depicted. 
Enhanced coronal (Fig. 12.26a) and axial (Fig. 12.26b) 
CT images of excretory phase show a cystic lesion in 
the left ovary (arrows), consistent with an ovarian endo- 
metrioma and small size of the left distal ureter (arrow- 
heads) close to the left ovary lesion, representing with 
ureteral endometriosis. 
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Fig. 12.27 


Retrograde pyelography (RP) shows imaging findings 
of ureteral endometriosis. Right RP (Fig. 12.27) shows 
ureteral stenosis (arrowhead) at the right distal ureter 
without resultant right hydronephrosis and proximal 
hydroureter. Biopsy of the ureteral lesion reveals 
endometriosis. 


Fig. 12.26 


12.9 Bladder Endometriosis 
Key Diagnostic Features 


The key aims of images for ureteral endometriosis are to 
identify the location and extent of ureteral endometriosis 
first, followed by evaluating the degree of urinary tract 
obstructive and concurrent endometriosis lesions. Of urinary 
endometriosis, the ureter is the second most common site of 
involvement, next to the urinary bladder [7]. Ureter endome- 
triosis could be categorized by intrinsic (involvement of ure- 
ter itself) and extrinsic (periureteral involvements) forms [8]. 
Ureter endometriosis usually occurs in reproductive age 
women presenting with incidental findings or multiple non- 
specific symptoms and signs including dysmenorrhea, cyclic 
gross hematuria, abdominal pain, infertility, or even renal 
failure [7, 9]. Ureteral endometriosis most commonly 
involves the distal ureter with smooth and abrupt tapering 
stenosis [8]. Retrograde pyelography (RP) could show the 
location, extent, and appearance of ureter stenosis caused by 
ureter endometriosis [8]. However, excretory urography 
(EU) could demonstrate the involved ureteral segment by 
ureteral endometriosis only when there is sufficient ipsilat- 
eral renal function despite urinary tract obstruction by ure- 
teral stenosis. There is presence of other concurrent 
endometriotic foci in the pelvic cavity in addition to ureteral 
endometriosis [9]. Magnetic resonance imaging demon- 
strates hypointense ureteral nodule on T1-weighted image 
and hyperintense on T2-weighted images of intrinsic ureteral 
endometriosis as well as periureteral involvement by extrin- 
sic ureteral endometriosis [10]. 


Main Differential Diagnosis 


]. Ureteral urothelial carcinoma 

Intrinsic ureteral endometriosis could show similar pic- 
tures as those of ureter urothelial carcinoma on RP, EU, or 
CT [8, 9]. However, ureter urothelial carcinomas rarely 
occur in premenopausal women [9]. Thus, incorporation 
of patient's age and sex as well as presence of other pelvic 
lesions suggestive of endometriosis involvements may 
help in differentiating ureteral endometriosis from ure- 
teral urothelial carcinomas. 


12.9 Bladder Endometriosis 


Case 14 


Fig. 12.28 
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Fig. 12.29 


Excretory urography and computed tomography (CT) illus- 
trate imaging findings of the bladder and left ovary endome- 
triosis. Excretory urography of right posterior oblique view 
(Fig. 12.28) shows irregular profile (arrowheads) of poste- 
rior dome of the urinary bladder. Computed tomography 
urography using maximum intensity projection (Fig. 12.293) 
shows an irregular filling defect (arrow) at bladder dome. 
Enhanced axial bladder CT images at arterial phase 
(Fig. 12.29b) and excretory phase (Fig. 12.29c) show a mass 


lesion (arrows) at the posterior wall of the urinary bladder 
with irregular shape. Enhanced sagittal bladder CT image at 
excretory phase (Fig. 12.29d) shows this mass (arrow) 
extending to the vesicouterine pouch with obliteration of fat 
plane anterior to the uterus. Enhanced axial CT image at the 
left ovary level (Fig. 12.29e) shows a multilocular cystic 
mass in the left ovary. Histological examination of surgical 
specimens of partial cystectomy and left ovary shows 
endometriosis. 


12.9 Bladder Endometriosis 


Case 15 


Fig. 12.31 
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Transvaginal ultrasound and computed tomography 
(CT) show bladder endometriosis. Transvaginal 
ultrasound (Fig. 12.30) shows a solid mass lesion 
(arrow) between the uterus (UT) and urinary bladder 
(BL). Enhanced axial CT images at venous phase 
(Fig. 12.31a) and excretory phase (Fig. 12.31b) 
show an ill-defined enhancing mass (arrows) located 
at the vesicouterine pouch with involvement of the 
posterior wall of the urinary bladder. This mass is con- 
tiguous with the uterus without visible fat plane 
between the mass and the anterior wall of the uterus. 
Histological examination of this resected mass shows 
endometriosis. 


Key Diagnostic Features 


The imaging diagnosis of bladder endometriosis relies 
mainly on its typical location rather than its nonspecific 
imaging findings by ultrasound, computed tomography (CT), 
and excretory urography [11]. Of urinary tract endometrio- 
sis, the urinary bladder is the most common site [11]. Patients 
with bladder endometriosis may present with dysuria, 
urgency, cyclic pain, or hematuria or are asymptomatic [11, 
12]. The majority of bladder endometriosis involves the pos- 
terior wall of the urinary bladder extending from the vesico- 
uterine pouch [12]. However, magnetic resonance imaging 
(MRD has a high accuracy of diagnosing bladder endome- 
triosis [11]. On MRI, it typically shows predominant low 
signal intensity on T2-weighted image with internal high 
signal intensity foci representing ectopic endometrial tissue 
[12]. Familiarity of the typical locations and MRI imaging 
features of bladder endometriosis helps in making a correct 
imaging diagnosis. 
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12.10 Urachal Carcinoma 


Case 16 


Fig. 12.32 


Computed tomography (CT) shows imaging findings of 
a urachal carcinoma. Enhanced sagittal CT image 
(Fig. 32a) shows a mass at the bladder dome (arrow) 
contiguous to urachal remnant (arrowhead). Enhanced cor- 
onal (Fig. ) and axial (Fig. ) CT images show 


this solid tumor with contrast medium enhancement, which 
is located at the anterior-superior wall of the urinary bladder. 
This location is typical for urachal carcinoma. Furthermore, 
the tumor has anterior protrusion (arrowhead, Fig. ) 
to urachal remnant, implying its urachal origin. 


12.10 Urachal Carcinoma 


Case 17 


Fig. 12.33 


Computed tomography (CT) illustrates imaging char- 
acteristics of a urachal carcinoma of mucinous adeno- 
carcinoma type. Enhanced coronal CT images at the 
urinary bladder level (Fig. 12.33a) show a tumor 
(arrow) involving the bladder dome with superior 
extravesicular extension. Enhanced coronal CT image 
at supravesicular areas (Fig. 12.33b) shows a tumor 
(arrow) containing cystic parts and linear calcifica- 
tions (arrowhead). Enhanced axial CT image at the 
supravesicular areas (Fig. 12.33c) shows mixed cystic 
and solid parts in this tumor (arrow) with thick calcifi- 
cations (arrowheads). 
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Key Diagnostic Features 


Urachal carcinomas are malignancy of urachal origin. 
However, urachal carcinomas usually become symptomatic 
by their urinary bladder involvement. Urachal carcinomas 
usually involve the dome of the urinary bladder due to ana- 
tomical proximity between urachal remnant and the dome of 
the urinary bladder. Because of its urachal origin, urachal 
carcinomas are usually located at the midline or near mid- 
line, with tumor growth direction along the urachal remnant 
(best shown in sagittal image) and involving both urinary 
bladder and extravesicular areas. The majority of urachal 
carcinomas are mucinous tumors, which may appear as cys- 
tic areas by mucin contents and with calcifications on com- 
puted tomography (CT) [13]. Thus, urachal carcinoma 
usually appears as a mixed cystic and solid tumor, followed 
by a solid tumor [13]. 
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12.11 Colon Cancer With Bladder Invasion 


Case 18 


Fig. 12.34 


12.12 Colovesical Fistula by Colon Diseases 


Computed tomography (CT) illustrates imaging char- 
acteristics of a colon cancer at rectosigmoid junction 
with bladder invasion. Enhanced coronal CT image at 
rectosigmoid colon junction level (Fig. ) shows 
irregular wall thickening (arrow) of the colon, sugges- 
tive of colon cancer. Enhanced coronal CT image at 
supravesicular areas (Fig. ) shows this tumor 
extension to supravesicular area (arrow) with direct 
invasion to the superior wall (arrowhead) of the uri- 
nary bladder. Enhanced axial CT at rectosigmoid colon 
level (Fig. ) shows long segment of irregular 
wall thickening (arrows) of the colon with anterior 
peri-colonic extension (arrowhead). Enhanced axial 
CT image at urinary bladder level (Fig. d) shows 
tumor mass at retrovesicular area (arrow) with exten- 
sion to the wall of the urinary bladder (arrowhead). 


Key Diagnostic Features 


Bladder invasion by colon cancer cells is usually from cancer 
at the sigmoid colon or the rectum [14]. The higher incidence 
of rectosigmoid colon cancer with bladder invasion than 
colon cancer of other sites could be explained by anatomical 
closeness. On CT, colon cancer shows mass lesions or 
irregular wall thickening involving a short or long segment 
of the colon. Advanced colon cancer could have direct inva- 
sion to pericolic area as well as urinary bladder wall. CT 
could clearly delineate the anatomical relationships between 
bladder wall and the colon tumor, thus diagnosing bladder 
invasion by colon cancer. 
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12.12 Colovesical Fistula by Colon Diseases 


Case 19 


Fig. 12.35 
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Case 20 


Fig. 12.36 


Serial computed tomography (CT) images from inferior 
to superior levels and cystography illustrate colovesical 
fistula in a patient with colon cancer. Figure 12.35a, 
unenhanced axial CT image at the urinary bladder level 
shows air-fluid layering (arrowhead) in the urinary blad- 
der. Figure 12.35b, unenhanced axial CT image at upper 
urinary bladder level shows abnormal air collection 
(arrowheads) in the urinary bladder. Note there is ill- 
defined soft tissue density area (arrows) posterior to the 
air. Figure 12.35c, unenhanced axial CT image at supra- 
vesicular area shows ill-defined soft tissue area and 
thickened walls (arrows) of the sigmoid colon with dirty 
pericolic fat (arrowheads). Figure 12.35d, unenhanced 
axial CT image, 0.7 cm superior to Fig. 12.35c, shows 
wall thickening with abnormal soft tissue mass (arrows) 
of the colon at rectosigmoid junction with adjacent dirty 
fat (arrowheads). Figure 12.36a, b, cystography shows 
contrast opacification in the sigmoid colon and rectum 
via a colovesical fistula (arrowhead). Note abnormal 
mucosa pattern in the sigmoid colon and proximal rec- 
tum (arrows), consistent with colon cancer. 


Fig. 12.37 


Serial computed tomography (CT) images from infe- 
rior to superior levels show a patient with colovesical 
fistula by diverticulitis. Figure 12.37a, unenhanced 
axial CT image of the urinary bladder shows contrast 
medium opacification of the urinary bladder via a 
Foley catheter. Figure 12.37b, unenhanced axial CT 
image of acetabular roof level shows contrast opacifi- 
cation in the lumen of the sigmoid colon with wall 
thickening (arrow). Figure 12.37c, unenhanced axial 
CT image at iliac bone level shows multiple diverticula 
(arrowheads) of the sigmoid colon with dirty pericolic 
fat (arrows), indicating diverticulitis. 


References 
Key Diagnostic Features 


Colovesical fistula is suspected on images by the presence of 
air in the lumen of the urinary bladder first. The most com- 
mon cause of colovesical fistula is advanced colon cancer, 
followed by diverticulitis. The rectosigmoid colon is the most 
commonly involved site of a colovesical fistula. The typical 
clinical presentations of patients with colovesical fistula are 
pneumaturia, fecaluria, or repeated urinary tract infection. 
Both cystography and lower gastrointestinal (LGI) study are 
possible to demonstrate the presence of colovesical fistula. 
However, negative results of cystography or LGI could not 
exclude the presence of colovesical fistula, because only 
50 96 or fewer patients have positive results. CT is more sensi- 
tive than cystography and LGI for diagnosing colovesical fis- 
tula. When abnormal air in the urinary bladder lumen is found 
on CT, imaging characteristics of diverticulitis or colon can- 
cer on CT may support the diagnosis of colovesical fistula. 


Main Differential Diagnoses 


1. Prior instrumentation or catheterization 

The most common cause of air collection in the urinary 
bladder is prior instrumentation or catheterization which 
indwells air during the procedures rather than colovesical 
fistula. Nonetheless, there is lack of associated findings of 
diverticulitis or colon cancer on images. The dirty fat is usu- 
ally limited in perivesical area and not identified in pericolic 
areas on CT. Detailed history tracing of the patient could 
reveal prior instrumentation or catheterization. In addition, 
the patient does not present with pneumaturia or fecaluria. 


539 


References 


1. Hurst FP, Jindal RM, Fletcher JJ, et al. Incidence, predictors and 
associated outcomes of renal cell carcinoma in long-term dialysis 
patients. Urology. 2011;77:1271. 

2. Kao YL, Ou YC, Yang CR, et al. Transitional cell carcinoma in 
renal transplant recipients. World J Surg. 2003;27:912. 

3. Stuart S, Booth TC, Cash CJ, et al. Complications of continuous 
ambulatory peritoneal dialysis. Radiographics. 2009;29:441. 

4. Naniwadekar RG, Kulkarni SR, Bane P, et al. Abdominal cocoon: 
an unusual presentation of small bowel obstruction. J Clin Diagn 
Res. 2014;8:173. 

5. Kawashima A, Sandler CM, Ernst RD, et al. CT evaluation of 
renovascular disease. Radiographics. 2000;20:1321. 

6. Leung RS, Biswas SV, Duncan M, et al. Imaging features of von 
Hippel-Lindau disease. Radiographics. 2008;28:65. 

7. Maccagnano C, Pellucchi F, Rocchini L, et al. Ureteral endometrio- 
sis: proposal for a diagnostic and therapeutic algorithm with a 
review of the literature. Urol Int. 2013;91:1. 

8. Pollack HM, Wills JS. Radiographic features of ureteral endome- 
triosis. AJR Am J Roentgenol. 1978;131:627. 

9. Wang J, Wang H, Tang G, et al. Transitional cell carcinoma of 
upper urinary tract vs. benign lesions: distinctive MSCT features. 
Abdom Imaging. 2009;34:94. 

10. Ponticelli C, Graziani G, Montanari E. Ureteral endometriosis: a 
rare and underdiagnosed cause of kidney dysfunction. Nephron 
Clin Pract. 2010;114:c89. 

11. Wong-You-Cheong JJ, Woodward PJ, Manning MA, et al. From the 
archives of the AFIP: inflammatory and nonneoplastic bladder 
masses: radiologic-pathologic correlation. Radiographics. 2006;26: 
1847. 

12. Siegelman ES, Oliver ER. MR imaging of endometriosis: ten imag- 
ing pearls. Radiographics. 2012;32:1675. 

13. Thali-Schwab CM, Woodward PJ, Wagner BJ. Computed tomo- 
graphic appearance of urachal adenocarcinomas: review of 25 
cases. Eur Radiol. 2005;15:79. 

14. Kobayashi T, Kamoto T, Sugino Y, et al. High incidence of urinary 
bladder involvement in carcinomas of the sigmoid and rectum: a 
retrospective review of 580 patients with colorectal carcinoma. J 
Surg Oncol. 2003;84:209. 


